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R A I L R A D E r G I N E ER I r G. 
PART I. 
RAILROAD SUR^YING, 
I SUPPLEMENT I Ji3 SEARLES' FIELL ENQIN":!iRI^Q. 

1. TURNOUTS- Searlea- Table XI gives tiis duta fo~ 
slttking out a single or double turnout IroiL u 
straight track. A curved maju track will only prac- 
ticdlly ttfiect the curvature of ihe turijout; lncr«as- 
iiiv the degree when iroiu the inside, by th-it cX ti*e 
luaifi trdOkjaitii decreasing the degree, when from 
0Ut3id9,by that of the uiain track. 

Having the degree of the turnout, it cun be ronA 
lly run out with an instrument; if no instiumeut 
at hand, the outer rail can as readily be stakoa ijy 
laying off oruinates froiit the chord. 

»If the uain track is straight': 
Middle ordinate ^ 1/4 g ) /.yi 

Side ordinate = 3/4 luidule ordinate ) ■ 

here ti.a chord joins the heel of the svitch ralj 
1th the point of the frog, the side ordinates i 
t the quarter points, and g is the gau^e. 
If the main track is curved; 

Mie'le ordinate = 1/2 f.d.xtan Uf^f!^' '^+^'^ * 
Side ordinate = 3/4 uiiddle ordiniite 

where D = degree of the main^track,D'. = that of 
the turnout from a straightens given in Setrlea* 
Table Xt,and f.d.= the fro^ distance. 

If the middle ordinate be laid off outside the 
curve, it will give a point on the tangent to the 
curve ■■!* the frog, froui wliioh the turnout can be 
extended as desired. 

2. CROSSOVEf^.- The crossover straight between 
frogs is the more desirable, but the reverse cur' 
being shorter, saves roonj and rails. 

See Table I and Table II. 

When the main track is curved, the distance F'(3 
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C.I.V'!.!!).?.).) TUHNOtJTS. g 

lor crossing straight between frogs can be taken 
from the Table, as It will be but a trUle too small 
ib« pordoii bettreen the frogs must then be curved 
|& tte wue direotlou as Ihe ualn traek and so that 
Ua B *I11 be to titat of Ihe main tratk as fH t F'{3 
For Uw reversed ourve vtth ourved dtln traoK^see 

smtus sig?. 

5. TOPJiOUTS^SIDINQS.ETC- Vithout lUBtruiuent or 
table.- to lag uut a tufliout from a dtraii^'ht track; 
lay oft at the required point of frog the fro<f an- 
gle Igr libKiber. i .e.lay off in feet 4 times the nu .- 
ber along the rail, as FE,thQn ISr^e G so thai GF = 
Fib &ni 3E * 4,QF will be the tangnnt requiredjpro- 
ducL> the tangont to intersect the inner edge of the 
other rali at I;oieasure IF and makoIA = IFjciving 
A iOT the heel of the switch rail; dr^iw AF and the 
X IE:bisect IB at C:then will PC be the middle or- 
dilate and 3/4 6C the side ordinates. 

Stuoe ordinates from a tangent to a flat aro of a 
oirole increase as the square of the distance. 

Length of switch rail =■ AHJ^towjS (?) 

If the main track e.£ curved: measure off 4 times 
the Lrog nujuber each w^' on the rail from the point 
of fnng, streich the chain betv/oeu th^^ points and 
ibsasure the middle ordinutb, this ordinate laid Off 
outside uf th'3 curve,F g .2; wi U give the point E 
on tne tangent at F frutu whish to lay off the frog 
by nUL'ibiii- as in A ^ ^.^ : .^.- 



ri-^.l.givi^g GF; ~~*^"i*^^ 

assume I so that — 1 ==^ 

if U is taken - 
tP« it will appear 



about tangent to t-. ^ ^M 

the rail at k, ^ ^S ^ ^1 

htiiQU last tangen-' ^H 

Oy.ona or two trials will auffioe;the work wlll^S 




5. (8) .r.2.)0ISTANCE TO 
To extend tbe 

LUl'UUUt Qt Fig. 

I to fortti a Bldh 
lug parallel to 

Wie luain track; 

l^roduce IF to 

luaet the irmer 

rail at D;uititisure from D equal dlstanoes on the two 

' tau{feats,Ui'aik the oLord.drop the pertwnUioulaf IroB 
Send l:i£ect it lor the middle ordinate. Other 
cases can be similarly treated. 
^.PL0TIIM3 rURNOUTS.ETC. In »oritIag u^. oofcpllou - 

ted oases of crossiiigB^oroasovers^eto.une of tbe 
safest and simplest uethods is to plot to a soale 
of from 4 to 10 teet pr inch, plotting tbe curves 
by Searles'Table IV, or ty Vlt.VlII and IX or by de- 
flection angles a3 with a transit and oiiain. 
£istaiioes between intersection points can then be 
scaled with sufficient accuracy; the dlstunoe in 
fltutions multiplied by the degree of curve will 
^Ive the ohaiik'e in direction for each curve^the al- 
gebralo sutu will ba the total change froii. ivhioh the 
naw atigle hIII rasult^startiiig fros any .^iven one. 
If the orossing ourves are to ba ooiupoui:ded so as 
to (tt given frog nuuibers.tlM new degree of ourve 
oan be eetlibataa by dividiitg the oenter aiigle be- 
tween the two orossing points by the approxlmata 
Utsianoe, enough of the ourve can then be plotted 
to give the intersection point and distance more 
accurately so that a second approx<iu;ateon can ba 
aiade if desired. 

♦6. DISTANCE FROK CURVE TO TAK3ENT.- Let D • degree 
of ourve^'n the dtstanoe oa in stations, r * radius 
A« oaatral angle. Then 

aa * S r sin 2 • 2 r aln'g*^ 

Bb: • ao sin -^ • 2 r sin ^ ain T 
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drag^ B^ Ht? I'.wben ^ Is 
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[.deflection > 
• formula well «orth reaeabarlne.. 

If n « 1 this gives an easy aiethod of oootputiog 
Searles'Table IV of tangent offsets.^ ; 

Chord deflection « Z tang, def lee-' 
ton 3 1 5/4 D for n « 1, giving a 
Oonvenient rule by which the front 
•liainman oaa g«t nearly into line 
on ourvca aa readily as on tangents 

4^&iii,in finding the sbortaat dis-' 
tanue be tureen a curve and tangent 
In urier to find the offset for a 
oonuacting curve or for any other 
|iur>.ose,ereot a J. to the tangent within a tarn 
■taiiong of the nearest point, measure Ita length 
ftnd the iiit^-le it makes with the curve:flnd n froa 
the latter^fluid the tangisnt daflaotion froui <4);tbc 
dlffereiioe beiwaen the U. and the deflection will h^ 

Uie offset required. Or. connect any station onftue 
^t'lG taugent ana measure the angle which this line 
buuea with the ourve and with the tangent, the so-' 
lution of th« right-angled triangle will givv ttM 
fttiBia data »a th* X . 

6. VERTICAI. CURVES.-' yhan pra'ot^hle tils ohang* 
in rate of grade on a ourve concave upwards should 
be liiuitsU. to 0.1 pr station (0.0£ would usually 
be t«tter).,sd that tad velocity of the engine will 
xwt be diminished enough to relieve the tension on 
the drawbar and oause a ahooii to the train. 

The length of the curve in stations will thus bft 
the algebraic dlfferenoe between the rates of greuo 
of the tvo tangents in tenths pr station, Divid ' 
ii^ (be length by 2 will give the distance from the 
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.1.53. M). p. 4.) VERTJCAL CORVES p 

vertex to either tangent point; the first station 

oil the ourv9 Kill be raisea 1 /2(0.l)ui^, where a Is 
(be subohora in stations. If thd curve were ex- 
lenaeU byyuuj the tangent poiut, tlie first station 
Kouia be raised 1 /^fO.l) (jji-l)^,30 that the rate of 
grude lor the ohord A3 hill oe greater than that 
of the taii^oi.tby tiie differ* ^ K^ 

«iioe,the ne»t will be 0.1 ^liil^li^^ - ' ^M'<- 
jreater t" m the iadt,the C ' '"-' ^^' "^ "'^ 
next 0.2, etc., 30 th&t the graUo^ on the ourve after 
the first c.^. be couji.ute<I uei.tally aa the notes aire 
eui'ied froiu the level to the cross section booA., 

If a hull elation -^nxle is re4Uirea,it ivill fall 
below the uliord only .01/?»and at the quarter points 
only .009. 

If the ourve Is convex upwards, the rute of aliahg;a 
need not be limited to 0.1 per station. The above 
uathod will tii-'ply by 8ub3titut:u;g the actual raM 
of ohauge lu place of tiie 0.1 uced above. 

Ex.1. A ^racJuj of -tee's lueeta a ^ruue of +1.8* at an 
• Uvation oi 164.37 at Stu.lSlI?, V'rite the eleva- 
tions for a vertical curve chan;^ing 0.1 pr.i^ta. 

Solution. 

l.fl-0.3 " l.P.or ourve betina at 1306, ends at 1918 
V/?A0A)^'^-.O.B, 1/2(0.1) (ii-l)^» ^^ '.chord 160e-7 
Inclines .0*" above the tangent. 
Stft. 
■|603 

■sio 
z 

K.r« «» verlsx al 1812 ♦ fO, 
l/2(0.1)iii^>S .012, 1/2(0.1) (i«-l)^'= .Oia.niakiiig tin 
obord i>arall«l <lth the langent.or 
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Qraci© 


1806+?0 


181.07 


7 


181.38 
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188.06 
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182.68 


1610 


18S.78 


1 


184.78 
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185.88 
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Sta. Sraila Rate 
191? 187.08 }•? 



(n.e) i9K« 1N7.0B i; 

O.'^ < 188.88 i 4 

o.e ' 'e^-''« lis 

0.P -' 191 -SS 1.8 

1.0 7 19K.88 1.7 

8t»0 19F.47 ].8«a -'.ni 
III the gtinaral case(whioh oau usually ba avoided 
by taking the vertex at a whole or half station, 
and using whole tenths for j,Tade ratios), take ilia 
flist grau-^ = -n, 52, the secona =' +0,3*^, interaeot-' 
ine Bl Sla.ll3+Hf,»illi elevation of 26Z.14;ourv« 
to ohalige 0.2 v^.^^la. 

t/?.<-^.SP. -0.S51 • -P.4e£,or ourv* 4.86 Swa.loug; 
begins at llS+8S.5.,etid3 at 118«6T,S. 

«t 1st end, 1/S(0. 2)11.2=5.00?,, 1/8(0.8) («i-l)*«.(168| 
difference = -,06f. 

At 2nd enu, 1/5(0. S)lii'?-.04f, 1/2(0.S) (!ii'.-])^» 0: 
AUferenoa =+.055. 

Btu. atade Rate Sta. Qrade Rate 

114 SS8.SS -'82 117 262.58 ■•'*'- 

-.92-.Mf +.115 

f 2SS.05 ,%'. 8 262.79 + ju 

8 252.76 -'.^ 9 283.11 ^.[lf 

7. OONHECTINa CtJRVES.-' the outer rail u)ion olr- 
oular curves must be elevated gradually in ^assinj 
from the tangent; heuoe if the elevation is to bai 
anoe centrifugal force at everu point, the curva- 
ture luust .iicrease directly Kith the distance in 
yassinf froiu the tangent to tiie main curve. This 
Houlil require a cubic ijarubola for the coiineoting 
curve;a' coiupouud ourvo is usually used for convene 
tence in computation, with oompoutiding points not 
over 50 ft.apart,the less the distance between 
tbeiii,tbe uatirer will be the approach to the parab^ 



C.1.57.U).) CONNECTING CURVES 7 

ola. The rate of ohange ot elsvatlou proferrsd by 
traokiuan in passing froui tus tau^eiit to tlie curvd 
vanes froiu l" to 2" pr .lOO'^vihi la the totai ele- 
Vtttioii varies Irom 1/2" to 3/''",or to 1" lor very 
liigh speeUa^pr .devree untii u i^axiuJUm of from b" 
to 8" »a reachau. This woul-i rdquire froui 60 to 25 
feet of oomieclHi^j' ourve pr .degree of uain curve, 
until a iiitixiuiuii. of sous 500 U.ls reaoheii. On short 
taii;^eiits wliare tlie curves ourve in oppoaUe direc- 
tions, anil on short sharp ourv^s^it uay be difficult 
to find lengtii enough lor even P.5 ft. of oonnecting 
ourve pr.de^r^'d. 

It 13 thus evident that for the most satisfaotory 
x«8ulta the connecting curve should admit of con- 
siderable flexibility as to length. This Is isi^ook.- 
plished by Sear lea (The Railroad SpjL_r^,) by oompu- 
tiQg a spiral tvith lOO-'ft.cli rJSfthen ohaiig:in;: the 
lengths of the chords, foot by foot,fronj 10 to 50 
it. while the angles between theui reisain tlie same. 
The spiral is run with a transit, using chords of 
the desired length; the stakes will not be at regu- 
lar stations. 

In Table III the method proposed by A.M.Welliniftun 
has been followedsquite a nuiuber of curves are giv- 
eii,while the values are near enough together so 
that a ourve can be interpolated for any length, or 
for any offset. 

Ho attention is paid to the connecting ourve dur- 
int location, or oonstruoticr> even unless the curve 
.Is quite long, except to allow the proper offset 
b«tween the tangent and the oiroular ourve. In run- 
ning traok centers, points are marked on the tangent^ 
and 0(1 the main curve, at multiples of 25 or of 50 
ft. from the ends of the ooniecting ourve, which is 
ttoked by measuring off the proper ordiiiates from 
these joints. 
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CA Ae. (5) .r.s.) ooniECTiva mms 8 

Th9 Table is oouputed from S-Tt •chord Uiigtlui;thut 

for a curve inoreas log 5 minutes in curvature ev* 
ery 5 ft.i 

angle between let chord and tangfent* 2.S'^.05 «0'.«1S5 
let ordinate « 5 sin 0\AZ5 « b«0 

let distance along AB « 5 cos Q\A2^- « 5 
an; 10 beteeu 2nd chord and AB«5x*05'f5x.05^0'..6 
2nd ordinate « 1st *f 6 sin 0.5 « •001 
2nd aistahce along AB • 5 cos 0.5 « 5, eto« 
sauie expres* -tt r— ^v 
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sions will give 

the ordinates and 

distances with 

reforence to the 

eiruular ouiive 

at oor re spend* 

tog distances 

froia the other 

en'^ of the con* 
necting curve. 

The ooimecting curve and offset CD Hill thus UAi* 
tually bisect each other at £• 

8. COWTSCTIMQ Cl«VE PROBLEMS •• To find the tangent 

dietance T\* In By^'A 

eliding the oir*' 

eular curve over ^ 

an offset dis- ^^- 

tanoe AF to luake^ K^ ^^ 



toom for the oon 

ii«otiu^ curve, all 

points 'jiuat uiove 

parallel t9 BC. 

/. T' . AB'»'Aa»RtMi#+ of f setxtah 







T'« T. * off.xtan o^l 

ho"; 



(5) 
• (R + off .) tan 2 

where T la^the tangent tor the saiM curve without 
«' connecting curvet 



C.I,%P.(7l.r.7.) FII^LD-VOHK.C.CURVLS P 

It the iiu^ has already be^u louuted wiili olroular 
OurvdSfit wiU be Uesiratle lu rs^luue theiu with 
ourvaa kespiii;^ as nearly ixa luiy be on the saius 
road-bed. Tlie usK ourvs uiuut Clien Imvs an external 
dastmiou wUfi refei^iiae tu tlit; oiU tau^^enta aquiil 
to or l<ci35 than that of the olJ^aiid the offset mai 

b« SuAU. 

Dtvide the axtsrnal for a 1* curve (3earles' Ta«l 
bi0 VI) by I;]', for D';it uun usually be diiiiRi3h«di| 
•uou^-h tu avoiil fraotionai uinutes. 

If the track is already lald^it Kill bu desirable 
to avoid cuttinj," 
tl*« raU3,re4ulr'' 
ln{f the new track 
to have the aaiue 
, lan^'th aa the old. 
In p'ig.7, 

T. ■ R tan-g- 
I T'-(R'+ offJtan-^^^^ 

K ••ui-o l^', GL * R'** aro l',whioh extends j 
CK ■ 2(T .- T) beyond the ola tangent t;oint. 
lowln;^ for the oonnectin^ curve excess, 

4 e.o.exceas > AC ^2 CK, or '- 

t'**tLro r -^ **aro ir* H(H'+ off.)ttth ^ 
"5?; 2 R tan*^- ccexcese — 
I*, ft »* >ro 1*42 tan j^^fR -' ^^t, ) -' o.o. exoess^ 

*• arc I* J 2 tan 2 i(7) 

0,01 7/^.'^ R A^-^a tM i -gf H -■ off.)-c.c.e>t.cM \ , 
0.0174F 4' +^ 2 tun ^ J 

i?IKLD-W0HV",C0IJ>IPCTIF'3 CUr/ip.-' In beginning a 
|vurva ivlieu thk^ front tan^«nt iius not been louated; 
t% U|} tlM transit at the offset uiJtahoe inside 
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Ca.|P.(T).F.7.) FIELD-VORK.C.CORVES. \4 

«he tftngsitt and op|.oslte the P.C.:ba'ok8isht vu a 
folnt sUilarly of f sotted; tli«ti run Ihe ourve aa u*- 
ual. If the front tahgant Iiaa bseii fixecI^T'. frok 
(5),uot T,ii.ust be iueasured fruu the vertex I'or |1)« 
P.C.froui which to lay off tha offset. 

In kaepui!.' tlih notes, the offset Is written opj^bsit 
»Ue V.C. -ia-1 o^^joiiite tlia P.T. 

If It is luoohveuleht to offset for tha 1:)aiCiksi^it> 
aic^it to J. iiub oil tha t^!,'dnt with the vernier set 
at tau"^ (offset + iistaiioe) , On a curve, the off-' 
8«t should \je Jiiuitiylied by oos (Dxdistahce * 100) 
aad the lijii^- cAtori of the ourve taken for dlatahoe. 
In the ubova ajtijreBaionfKliea failing- to offset for 
ili« &uc.^i,jiit. 

tiie axoejs in ien^'th of the oonueotin^ cuvre 
should ba ounaidered when of iuijortuhce. 

In ^lottiiiVftne radius of the oircle is IcoraasaT" 
tgr iUo offaat in* fixing the oenter, while tha radius 
i« used In desoribinr the uro. leavinj^' a jo^ equal 
I ^iiO offatit at the tan^'ent point. 

I& re-tuuuing old lines uade up largely of ourvas, 

•r in improving the location of a lino in detail, 

tho ran;;ti in offset afforded Qy Table III and the 

raiige In rate of ele*. .tion of outer rail in ap*' 

j^uaohiu^' the uaiu ourve allowed in practice oati 

] be turuud to aooouD(. For in running a ourve fro:u 

t ** short tun^nt whero (lie direction is iiuperfectly 

1 Veoovered and it Is inconvenient to prolong the tan 

gouts to tlio vorttx, ir tho ourve ooues wittiin the 
^rt^tgo of uffBSta trou the otht>r tangent, and fits 
•bo road-ted iu oaisti the road bas boon ^I'^ded, it 
«ed not b« re-lruu,tlie oouneotlug ourve taking care 
kit tlio di^acrOpfrtioy; or any ourve or aiiy tangent oaii 

lnd»X^u.uintly chan^j-ed to better fit the ground 
pr road-bo^,providdi it be kept wiiUm tht? rai ge 
'9f offsets nhere purailei to the tangent or ourve 
uritli which It is to oonnoctt 

Kuuuuents should be plaood at the ends of the oun- 
nooting curves for the bitnefit o( the traOkmen. 
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R A I L R il D r K -3 I r r £ P. I H 9. 
P A R r II. 
RAILROAO OFTIC^ iRACTlCS'. 
Cf?APTER 11 
COST. 0? £APTH^t)RK 
'10. 'KNSRAL STATE>tENr.-' Tun followiEi; is i»ainly _ 
frok. rrnutwioe'a Engin eer *a ^ocXot Boo*,, tie gives 
the credit of ihe wor* to tlwood ^torri-^^wbo he suya 
wais the first to pro^^erly investigate the subject, 
Ot-iiii to irregular shrinka.^ in rill8,e£!.rtfa*rork is 
usually measured iu ejcoavutior^^^d is so oousijered 
in vliut follows. In long lou fills wfaioh are .uade 
uy pluv-'iiig: uhJ scrti},in^- I'roi^ the aides, it is often 
wore cuuvenlent to i^easure in filljil this is to 
be done it should be so stated to^-ether with the 
allowuitoe^if auy^for shrinka^. Trautwine recouiuendB 
paying laborers by the yari.rathGr than" by the day, 
as being fairer aiid conducing to econoiuy;exper-' 
lence having proved that when lal>orers are scarce 
and vrages hi^i^aien oah scarce be depended upon to 
do three-fourths as luuch as when K-a^^ea are lov/ 
fresh hands aire waiting for etuploytuent. 

Much will depend upon the ski 11, observation and 
energy of the oontrabtor and his superintendents. 
It is no unusual thing to see two contractors work-' 
in^ at the saiue prices, in preoisely similar luater-' 
lal, where one is ualcing inoney.ahd the other losing 
it from a want of tact in the proper distribution 
of his forces, keeping his roads in order, having hit 
oarts and barrows veil fiUed,etc. Long spells of 
vat or bad weather may seriously affect the oost 
of excavating earthwork. ^M 

Tlie total cost may be considered to be made Mp «^l 
the followiD^i 

1, Looseni ly the earth ready for the shovelera. 

2, Loading it by shovels into the carts or barrows. 
Z» Hauling, including emptying and returning. 
4. Spreading In layers on the embahkuient , 
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fi. tafiwg a» Nail r«r au-ti uai tb* {OMk £•*(. 

tiqri (or iMimt m goal atinr, 

9. ^jmin.imfnalMlac.mBt laMmt ok eo».e( 

t«eU. 

a. Pra(U to Cm aoBtnaMr. 

C o- <' u Utar U snoMd w aost $1.00 ]i»r «■; •( 
SO Iwvrit 

It. i^xjsnn Tic itias reai<y foe .<eDvsi.i!Ri,-' nu 

ts (.'■uvnlly iota •ithtz vKl. pliMts ot pioks;iiOr« 
o h l i yly by tfaa fon^r. A plow with twu bor9«a»«lid 
kwo yen,«lll oosi oo vu* atom basis ot labor at 
$1.00 tjr.day,S0.75 for oaoti aor»«,«iiU 30.57 iot 
|>lOM abj barnoss.or a total of $5.67 ,-r.day. rfaoy 
will loosen frok 200 to 300 oubio ^lu-.;! of strong 
iMavy soils pr.il&y.anu frosi 400 to 600 of ordinary 
looM. Tb« aotual oost to th« oontraotor,i>r.ou.yard , 
^y thus ba tissu2jaj oS followsi 
StroDg hoavy soils 1.69 Very Stiff ^rs olsy.or 
CeacMon louw 0.6 obstinate gruvel (re^uir- 

LIgtat siiniy soils 0,4 iu- 3 to 4 horses) 8,V 

With the /iok.a fair day's work Is aWut 14 ou. 
yorus of stiff yure olay or of oauenieU s:ravel;!3S 
MTOs of strong heavy «oil9;40 yards of ooaoon lo»l|;., 
lO of lij^t sandy aollri giving- )ir.ou.yardi JM 

((iff i>lay 7« Light soiidy soils ° t.WW 

■•a*y soils 4 Purs sand 0.»"" 

laau 2.5 

te.'- U)ADIira»irH shovels.-' The Biuount loaded pr. 
lay pr.uon will da>«Dd upon the material, but aore 
■jion so proper tiouinv the nuiiibar of plokers atad of 
«a^ts to that of tlie ahovelers,aa not to Xeep the 
tetter twltliii: for aitlier uaterlal or oal'ts. In 
fairly regulated gohgs.ths ahuvolars Into oarts ai-e 
%ol aotually engaged in shoveling for jiore thah' 
alx-lsnths of their tiuje:whila under bad laahage-' 
Mnt, they aiay lose oonsidsrably more than half of 
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C,II.913.<7).F.7.) HAta.IN(T, 15 

it. A sliovalur ouii readily load into a! oart one-' 
thira Of a cu.yard (ah average oari load) of ligiit 
sandy soil iu 5 minutes; loaju, tn 6 uiii-utes;ahd of 
any oi the Iieavy soils in '' ijinutes. riiia iroulu 
give ;>r.day after deJuotiuv^Br- tenths, or 4 liours 
for lost tiuie,24 yards of U;.iit auiitlj- aoil^PO yardd 
of loout^aiid 17.?, yurds of the heavy soils. I^lien 
the shovelers do less than this, there is some al) 
iiiaha„-euent . 

The abtUttl oost pr.cu,yar.l will thus be 
Swidy soils, 4. 17 oeuts; loalj 5 oent8:haavy aolU^ 
elay,eto,5.31 oenta. 

15.*' RUTLINQ,-' Tlie avertige speed of horses in 
feftiiling is about ?. 1/3 miles pr.huur:or 300 feet pr. 
jainnte,«rhioh is equal to 100 feet of lead or dia-' 
tanoe transported. About 4 minutes Is lost ea'oli 
trip in waiting- to load, turning, dumping, etc. rhera-' 
fore the number of trips yi. day oaii be found by d!-* 
viding the number of minutes, 500, by '.' plus the lead 
in 100-Tt. stations. Eaoh load averaging one-third 
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»M-.yard, the number of yards oah be found by divid^y 
t&g the number of trips by 3. ^H 

For loose rook more tiiue will be required for ^^ 
loading, so thai the number of trips can be found t^ 
dividing 500 by 3 plus the lead in I00-lt-.»tatioti3. 

With leads of ordinary length one driver oah at- 
tend to 4 carta, making the oost 25 cents pr.cart, 
Tbe expense of a horse pr .working day, inoluding 
the oost of board on Sundays uid bad weather, is a- 
bout '5 oent3;ahd that of the oai-t, inoluding hai"- 
ii03S,oii,repair3,eto.,25 09nts;iuakirg the total 
dally cost pr.cart $1.25, on the basis of labor at 
SI. 00 pr, day. Some contractors employ a! greater 
nuuiber of drivers, who also help to load the carts, 
so that the expense is about the saiao in either oaae. 

Dividing the oost pr.cart by the above expressio^r" 
far the number of yards pr.oalrtv will give the oor^- 
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C.n.M8.(8).F.7.) COim«ACTOR'S PROFIT. 14 
yr.yard in oeutd^fori 

loose rook . 375. (3_+ lead in sCBtiona) J «»' 

14. 3PHEW)IN3.-A twiktiiaii will apread iu thin 
layers on ilie embsniuuenl froiu SO to 100 ou .yards 
pr.day.of either ccuuoon ioiaia], or any of the heavlsr 
•oilSfUepauding on their dryness. Vi'e may uiasuiuo 

I l/2tf pr.yard jiia a fair average for heavy dolla, 
irtiile Itf «ill suffice for light sandy soils. 
Ttiis expense in saved when the earth is either 
dusiped over the enu of the eiubahkiuent,or is waited; 
still about l/4<f should te allowed in either case 
for keeping the duiuping -places clear and in oriier. 

15. KEEPING THE' CART ROAD IS ORDER.-' Ho ruts or 
puddles should be allowed lo reuiain unf llleuirain 
should aX once be let ofi by sliallow ditchesjaiiu 
ihe road be carefully kept in good order; otherwise 
tno labor of the horses, ani the wear of carts, »ill 
be very great ly inoreaseJ. It is usual lo alloh so 
■uoh pr.yurd for road repa'ir3;but we suggest so 
luuoli pr. ou. yard, pr .100 ft.oi lead;say 0.1$. 

J3. WEAR, SHARPENING, AND DEPI-SCIATION.OF PICKS AND 
SHOVELS.-' Experience shot.s that about 1/4C pr.ou. 
yard will cover thib iteoj. 

17. SUPERINTENDENCE AND WAT'iR-CARRIERS.^ These ex- 
penses will vary with local i;irou)ustahoe3;but 1 1/2 
t pr.yarcl will. under ordniury ^ircumstancea, cover 
toth of ,118111. An allowance of aoout 1/H maji In 
justice be <.!dued for extra* trouble In dieting the 
aide ditches; leveling off the bottom of the out to 
gradejanu general triiiiiiiin£ up. In very light out-^ 
tings this tiay be inoreaaed to 1/24. 

18. PROFIT, TO THE CONTRACTOR.^ Tuis luai, generally 
be set down at from € to 15 pr .cent.aooording to 
the fiia^Tiitude of the work, the riska lnourred,ahd 
Tftrloua incidental circukistunoes. Out of this item 

Agilw contractor has generally to v^V QU'cV%«%^*n^- 







'•II.S'^0,f3).K.7.) SCPAPi:Rc^ 

a>9rs,aud other ugeiiiji,a« wjU a;' ti.t 

pa."iuj)y tiio prolitb ol" Vne atyrys;a.,-.f by cUt I'Alej 

of boarui.;,, and lod^iUe; p^ii Ijy iht li-borrfrd ttf 

oontraotur. 
IP. rni V,v;EELBARR0V*3.- Ken in K-iselin^. >:.ove i 

atout the ^au^e uverajra s^eeti an huraei, in iiauii 
i •d..2 !/.■ ^lilies ah hour, jr IGO feec of leau j;r. 

luiuuta. ri.e il&e oocui-ied ui loadi:i;,,e^i.tyii-,^,etc, 
("wUan as la usual the >.liaelQr loacLs aii uwn urrow 
) IS about 1 1/4 iuiiiuie3;lG3u'9ii wiacii.iae Hue 
lost iu uccjisional short rests, tn ttdjui^ini^ the 
wiieeling ^iiiik.aiid iii other luciueiittil oaiiSP3,a- 

uiouiit,^ tu d'c-cbt 0.1 yiirt of tW vhule tiiue; ie^^ving 
- ocil^ ubuut P QOtuul hours of Kork in u 'ouy. 

r day. 

Tiiij uuiuLOJ- diviued by H ^iU f^ivd the niiiu'der 01 
c-i.^ards. ;\.e coiit 41.06 (Si .00 for the ;.aii and 5* 
^ox> the ba!-ruw)divide<l hy tiie uut^bar of yards wili 
S'ive the oust i-r.yard in cents, 

. 12f ■< I'l f 1 IZ-I + lead in alJitioiia) iq\ 

" t-w xQ-.cr- - '*" 

^or loa'uit.. uEid v;i:.joliug,to wiiioh uiust be udd«<l tlie 
»taiu3 orV^n,H,U,lo, I'^.IB. 

_?o. v.m' ;"H:e?;L-:i ;'Cr,;.F'Cv:? ai3j vu^t ^^crap^hs.- rus 

ooii^ of tim wiiseled soruper is a bo« vt auiooih shad 
siirjel abuJT. ? 1/S feaf aquare tj' 15 luchdd uetu,coii' 
'*i iiing f^'i-oui 1/? yard of earch wh^ii eveii full, 
TiiQ box IB Ji^en in front (tf/.cypi tuat iii 3o.i:e .ua- 
ciilties It la cloL.'ud by au "end gaty''),uud csi:i te 
fiilaad ai.-. lowered,und revoiveu oi. a, iiorisoaLal ux- 
!»• To Iill the box, it iii iowered ir:to,iiiid held 
'iowii in^tiii tiurih,*hil6 the tea.ii draws iiiv> u,-jciiii;<B 
torwdTd, '.-'jien full, It is raiaoa about a I'ojt i:i;jvt 
ground; anj., on reaohu:^- the duu-iJ, is uriloa-..{d ty be- 




C.1I.S2I.(12I.F.7.) CARS A.WII i 

This number uOiitiplied ty .15 will g-ive the nun 
ber oC yarcis to: a. drtii^- soraper;by 0,4 will (iiv»1 
the uuiuber ol yarOs for a wheeieU scraper, unlaws 
the lead is tiiore than 500 ft. when larger sorapers 
Uol'iing 0.5 yura are uaea. 

The oust divided by the nuaber oi y^rda will ^ive 
the ooat ..T.yard in cents for loading and luoving, 
to which luust be added the oclter iteiua already dc- 



Vbeeled s«rajer.430 ^ lead in staliui.a 
flead < 500') " O.il''^ 600 x 0.4 



(II) 



»;heeled 3oraLer_,430 i:;_Ji8ad in stations 
(lead > 500') "' O.^S x 600 x 0.£ ' 

A ^ejiuiu si^au wheeled scraper, Keijghinfj 450* and 
oarryiu^; 0.4 ou.yard oc^ta (1R8£) from $60. to $7S, 

A dra^ scraper wei(j;h3 about 1009, and oosts about 
$14. 

The oost of looaenlng is not included for light 
aaudy soils, as it can best be doiie by the sorapars 
theuselves. 

21. WITH CARS Aira LOCOKOTIVE^ON ULVzl TRACK. - 
Trains of 10 oars,eaoh oar containii:^ 1.5 cu.yard^ 
of earth. Average a^ed of trains, ii)Oludiu{( start- 
lug iiitd-atoppingfbut not standing, 10 luiles an hour, 
« 5 tulle:! 01 lead pr.hour. Loosening, loading (by 
ahovalers) .spreading, wear, etc., of tools, superintend' 
deuue,<4to., tlie saue a^ 'vlth oarts. Loss of time in 
eaoii tri^ for loading, unloading, eto.,P iiiinuc>)& .> 
.]£ hour . 

10 _ _ « nuiubor 

'.15 * No, of .<:'-<>iila lengths in the lead 

train loads pr.day. 




fcII.SS2.(IS).F.7.) stem; EJICAVATORS 
^» of 10 oara A $100 $1000 

loaoij.otlve gpoQ 

day's Icierest on cost or train ai6« SO. 57 
of engine driverkho flrea his 0..11 aug? 2,00 

foreiwun at dUui^j 2,00 

" S iuan at iumy •;■ 1,00 a.OO 



■ 1 

Etter 



e.oo 



1.00 

Ropairs of looouotiBo aiui cars g.gg 

_ foial 13,00 

TM ciaily axpeiise of track, for intarest and r» 
a«lr»,«i»y be taken at ff.OO for eaoli 1.1 la, or frao- 
Itien of a iiUe.of lead. 

I Dividing tba oost by the iiuiiiber of yards will give 
tho ooat pr.yarU for liiuHnii »o which should be afltt 
«d tba other items already uasortbed, ^^M 

' tl3O0+(S00 for each lulia of 1^° ■Dt" f^l 



O_,15+N0j0l ?-Lile lengths in read (IS)' 

lU '* I U '^ I a ^ 



^TSZ. STEAK EXCAVATOR.-" Where large muounta oX work 
&X8 to ba (kins, the Osgood steaiu excavator or Ivid 
^edgo 13 econouiioal. iu cuttings from 10 to SO ft. 
clesp; WbAra the depth of outtiug is less than 10 tt-, 
Vo much time is lost in u.oving froui plaoe to plaoe 
^hatthe excavators do not trork to advantage. Where 
the Oopth exceeds 20 ft. there is danger froiu the 
upper edges of the cut oaving in on the maohine. 

The excavator resembles a dredging luabhine in its 
appaarahoe and operation. A large plate-bteel buck-' 
•tf like a dredging bucket, with a flat hinged bottoiu 
antl provided with steal cutting teeth. Is forced ia% 
to and dragged tbrougii the earth by ateain power. 
It duuips its load, by weans of the hinged bottoa, 
either into oars for transportation, or upon the 
waste bank,ai9 desired. 

Kaota Biaohina is oiountad on a oar of standard gaii^ 
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^MI.S22,(IS).F.7.) STEAK EXCAVATOR^ 
est of 10 oara fl $100 $1000 

" " loooiLOlive gpoo 

, . . -3000 

9 day's Interest on cost oX train at6t S0.67 
llagas of engine driver (v.lio fires his o-ii eii^, 2,00 
" foreiiAD at duw;^ 2.00 

" 5 luen at Ouu^ T 1.00 S.OO 

•^ z.oo 

P" 1.00 

ppttirs of loooiuottse am* oars _^,gg 

Total 13.00 

The daily expense of track, for interest and re 

l^ira.iuay be taken ax, cf.OO for eaoh iuile.or fr&o- 

tioQ of a uiiie^of lead. 

[ Dividing the cost by the number of yards will give 
tlw ooat pr.ynrd for Iniiitui^lo which should De aS^ 
«d the other items already uesoribed. ^^ 

- tl300+(S00 for eaoh luiig of l^,''a)]x ^H 

0. 15+W o.oi ,';-Liie lengths in t»a d (13) 

■ 22. STEAK EXCAVATOR.-' V-liere large aiuounts of work 
ara to be dons, the Osgood steam excavator or land 
dred^-e is econouioal in cutling.s from 10 (o ^ ft. 
deep; Vbere the depth of outtiug is less than 10 ft« 
so much time is lost in u.oving frou> place to plaoa 
Uiatthe excavators do not Kork to advantage. Where 
tbe depth exceeds SO ft. there is danger froii. the 
upper edges of the out caving in on the maohine. 

The exoavaior resembles a dredging luaohine in its 
apptaraaoe and operation. A large plate>&teel buck-' 
•(,llke a dredging bucket, with a flat hinged bottou, 
and provided with steel cutting teeth.ls forced iat' 
to and dragged through the earth by steain power. 
^^ duiiipB its load,by lueuhs of the hinged bottooi, 
aither into oars for transportation, or upon the 
waste bonk, as desired. 
.Saab Biaohine is aounted on a oar of stahdard gaiiga. 
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22a, STFAM EXCAVATORS. -The following is an analy- 
sic by E.D.EilA (Engr .News, June 8,*89) or r«ofiut 
r:.!-k. Th3 shovel is ot the Otis type^made by John 
Southtsr & Co.: cuts about 24' wide to a depth of 4!'. 
bolow the traok, Tfaln unloaded with oable and plow. 

Cost or Woric per Car Load, Ind.,D.& Spring. Ry. 

Foreman, $125 per Mo. 8,86c 9.67)l 8.00^ 9.0U 9,88f 

Cranc3!ta-i, $2-2. SOprfi. 6,35 5.62 

Plro«KUj.,$l,50 par day2.88 3.37 

Laborers,! ?j.i $1,25 7.86 9.92 

W&toh!n&a,$.l par day 2.07 1 96 

Total inovel crew 27.02 30.54 26 32 27.75 30.77 

EniT'no ^XY Firemen 12.00 14.50 7.44 11.00 13,10 

Tr a ;. .-.v.vri (Co rid . $2 . 50 

Braicti-.-',,5l.505 6 97 14.60 5;74 6.25 5.77 

Total t,-j;in Crev» 17,97 29.10 IS 18 Ir-. 25,1887 

5preaaiiig,$i.l0 1.12 2.7: 

Loos'* :lag frozen ground 

for shovei.Sl.lO pr d. 0.62 

Traok woik'at . $1.10 0.81 1.03 1.38 1,45 2.08 

Fepairti ;c plant, 2. 50 o,15 1.68 0-16 1,04 

f^uatrs to plant J $1,10 0.62 

Shou bills, r. to pU. I.esil0,90 1,27 10.60 1.67 
Tct-:1 r<ip. to pliant ^ 1,8413.10 1.43 11.64 1.67 

Coal, $1.25 to $1.41^6.31 13.30 4:.47 4.31 S.28 

Oil,v/asto,3to. 0.52 1.55 0.76 0.86 0,36 

Total supplies 6. 83 14.65 6.22 5,17 S.64 

Qrand total in cents 

per oar load 64,47 91.19 47,53 62.26 69.75 

Cost per yard at 6 ~ ~~ 

yards pe? oar 6*43 11,40 6,94 7,79 7.47 

Interest on cost of piaol , „ , .^ , ^ . ^ 

j^OO l.jOO 1,00 1.00 1.00 

Total oost per yard 7.43 12,40 6,94 8.79 8,47 
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C. II. 522. (13). F. 7.) 
First o&r loaded 

Last oar unloaded 
Totf.l no. of days 
No.ol working days 
Days Idle, exo, Sundays 
Material 
Height ot bank 
Total cars loaded 
Qreatest no. per day 
Least no. per day 
Average no. per day 
Average haul 
Grade, pit to dump 
Tons of coal, shovel 
& erginea 
No. cars pr.ton 

I is the Salmon river trestle; 11 Is the MontesutDa 
p-avel pitilll is the S^^mon river tre3tla;IV Is U 
■"GuioVt^^-l'5;\^ "is tlfe Nichols hollow trestle. 

The following data is given in the same oonnectlOR, 
havin? been taiccn from the report of the Roadinaalen 
Association for 188£. 

1. The B.Sc 0. road, with steam shovel and side dump 
cars^olaims to haul 5 to 25 mi les, Including train 
service ajid suppliys at 8.1(1 per yard. 

2. Ih9 M.C.road has a record of 30000 loads of graw 
at 4 l/2<? pr.yd. for loading, for coal, ol 1, .v^'aste, la- 
bor « reprs. Hauling 50 miles 4ff for labor only, 

■ S, Ohio Cent. with ballast unloedor, train 30 to S5 
oars, average cost with various hauls, SI per car^or 
Btout 12ff per yard. 

4. Tho N.Y.P.S: O.Ry. gives 7C as cost for loading, 
6, The Central Iowa gives for 4B0S oar loads: 
Loading 38C per oar, or 4.75(E par yard 

Unlaodtng 15 1.9 

Engine service ^5_ 3 . 1 „ 

Total cost TBff per oar, or 9.75tf per yard 
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C.n.*2S.flS).F.7.) STEAM EXCAVATOR 1?> 

Eaoh luachirirt is wounteu on a otir of staiiciard gauge, 
wliioh oan bo cyupleu in an ordinury freight train. 
The oar is luade of wood or iron, is d^sirad, and is 
provided witji >i locoiuotive atiaoliiiiQnt,by which it 
oah be tuovoa Iroiii t'Oint to ^joiiit as Die work fvo- 
oeeds. Eacli inachine has a Hater tank, holding troia 
500 to £00 tullona. 

Before beginning to excavate, tlw and of the oar 
nearest the v.ork ie lifted troiu the track by hy-' 
draulio or aoTavi jacks, u^n which it reste while 
working. 

The excavators are made in two sizes . In Ko.l the 
eat is 24 ^ lO ft.^with a 4-viheeled truck near eaoh 
ttDd. Tlie div^^^r holds ?. ou.yarila- the lu^ciiine weigUB 
About 40 ton^,and costs, 1885, abOQt $7^00. In the 
|to.2 iuachin<?,the car is R8 x 10 ft., with 2 pairs 
of wheeU;wdi^'ht about ?j8 Cons, and cost about ,166^ 
$6000. Tlie aipper holds 1 1/2 ou. yards. 

In use. It ha^ to be iiioveu forward about 8 It. at <i 
tiiue . It can ai^ at a distunoe of 17 ft. horizontal- 
ly froui the oentur of the car, and oah duiup \2 ft. 
above tlie track, [n aand or gravel it takes out, 
while actually digging, o dipyerfuls(=4 1/2 to ? ou. 
ya^ds u, the dipper, >3,7f' to 5 cu. yards in ^laoe) 
|*r.uiiiute;in utlff ulay,^ dippsrluls pr.tninute (* 
2 to 4 yards in the dipper ,=:2. 5 to £.?3 in placo) . 
an average day's work for a rto.l uiaohine ,lnoluuing 
tiiue lost in jiOVing the uiaohine,eto..,is about 500 
ou. yards in •'liarU'pan'',and from IPOO to UOO m 
sand or gravel. This allows for the usual and gen 
orallv umivoiuable delays in uavin^ cars ready for 
the excavator. They iKirn furu 100 to 1£0 lbs. of 
ooat pr, Iiourjacd require 1 engine driver,! fireman 
1 oranea^iian, arid & to 10 pltLien Irioluding u* boss. 

After resohiug the site of the work,al.out 30 iuin 
utes are recjuirau foi jjctting tlie sxciivator into 
workini^ oondictoniand ah equal tl.-e aTtar couiple 
lion of the work in getting it ready for transpor* 
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tiou. 

The following iiguroa are laK'jn fronj the raoorda 
^►C «ha work aom by a Ho.l aiif-.inc,froii; Hay to Nov, 
3.883. The luuterial -.vas iiari c.uy wUh pdCA,ets of 
A&utl. Tb9 expenses i^r.^cy of j-^ hours, ut $1,50 pr. 
^&*y for suoh lubor^were 
Vater (a very high alldKunoe) ?5.00 

Coalfl lAi tons bituuinoua 10.00 

Waged of engineiaan 4.00 

• * firei^an l.gO 

^L * * oranesuian or Uit-per lentier 2*SQ 

■ * * ^It boss 5-00 

^ • • 8 pitueu at $1.W 1!?.00 

Oil, waste. ret^airs^eto., (est lasted) S.OO 

Interest on oost ($7600) of .uachlne .liSfi 

44.25 
Kaduoed to the standard of SI jjr.day of 10 worK* 
ftlig hours, this would be say t^O.OO pr.'iay. Reduced 
^jfco the saiue ai,dnaard,and allowenj for the ^reatsr 
^^Voportional time lost in stopping at eveiau;; anu 
I starting iii the uorning;the average jally iiuuiittty 
Vxotivatei,iueuBured in ^labe,Houid be, in shallow 
«utting,530 yards; in deep outtm^s 1300 yard3;aver- 
iige of the v.hole,800 yai>ds. TUiii woulu Biake the 
ooat for loosening' and loading into oara,£.?7tf,/?.fe 
ttkd S.7£i respeotively;Nhila bi.tt oost by plonluij 
and sbowsling, m strong heavy soils, Is 7.40;anu b>' 
frtoklng and shovelin{f,tjay IQC, 
23. ROCK EXCAVATION BY WHESLBARROWS.-" About 1/P.4 
of a yara of rook,ueasured tii i.ltice, uay be taken as 
<i' load, it weig;htng about the dame a's the assuued 
load of earth, or 174^, A yard in place will measure 
(bout 1.8 yards when brok.sn up; The total cost per 
yard is it^a'de up as for earth;].? ;i.inutQS ia allowed 
lor loading, OiStf for each 100 ft. of lead for keep- 
ing the whoeleng ylauKs in ord'-ir,u,nd 4.^tf a's %4e ao-' 
tUal oost fur loosening, incluai::^ tO'Us, drilling, 
|iawder,eto., as v«ell a;; iiiouarate drainage and every 
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Oidliiary otJiitjii^'jiiuy nun iholudcd i:j the ooat of i 
loaauigjWheoliiif; and owptylu^. Conirafctor'e profit 
nut beinv consiuGrau. i 

Aiuple SAjerieiije siiuwa luat whoii lubor is SI >;pj 
day, ■15;/' ^T.jfuru :a u iuf f ioianlly liberal allohali^* 
lor loo3ei;iii^; hard rook under nil oruiuury oirt^uiii-' 
atanoea, Ir. j-rdotioe it vdil generally rtiagc iroiu 
aOff 10 80(f;ueve:iaij:g u^-cu Uja positioi. of iha stra-' 
tUfharuiiess, tou^tmeijs, hater, auci other ouiisiderationa. 
ZitSl shttlaSfanu otJ^er allieu rooks, luay frequently 
tt9 loudOiiBU by yiii'A aiici |,low,as Iok an 16(t to S0(?; 
Khil« nhallow cuttiii;;3 of varg- tou^ii rook, with ati 
unfavorable ^.'ositlon u( atrala,e3ijeciully in tae 
bOttouiB of axcavutiouSfiiiay oust $l,or «ven oonsid-* 
•rably iDora. Tiiose^hotoever, are e:--ceptioiial oases, 
Ot coiu^urativdly rare obourrsuoe. Tue '^uarryit;^ of 
•Tera^e uaru rookre^uires about l/4» to 1/Zff of 
powder pr,yard;liut the nature uf tl^e rock,eto.,iday 
Inoreatio It to l/S^.or L.ore. Soft rook frequently 
requiretf .loiq poivuer thun hard. A, good oi.uru-Urill-' 
er will drill 6 to 10 ft. in depth, of holes about 
S 1/2 f '. .de-'ip^aitd 2 mohes diaiiieter,pr .aay, In awr-' 
A^-e hard rooh,at froiu l?.$ lo 1B<£ pr.U. Lrillers 
receive hl^^her wages thuii ooiuiuon luborars. 

K4. ROCK EXCAVAIION' VUH CARTS.-' A cart-load of 
rock touy be taken at i/h of a yard, in place, Heigh-' 
lug about 8^0«,or a little uiore than th« 1/5 of a 
^urd ot earth. In estiuiatiUE, the oost pr.yard,3 
~.iuutc-J 13 aliohad for loading aha duiuptn^,4>'iC pr.' 
^ard lof klautin^' uhu loosening up, 60 pr.yaru for 
loading, 2tr pr. station of leaa for re^ira of road, 
ojiu the other iteus aa ulroaUy given for eai'tti, 

26. ROCK tXCAVATlOM WITH CARS ANT LOCOMOTIVE.-* The 
oost' of -i^josening and loadm^ id tlie same as in424, 
uiiu iho other uoas the samb as fur earth, except 
only 1 y-ird can be carried pr.c^ir. 

For oor.venl6noe,the coat pr.yard by tli« different 
Methods, and for the different kinds of uatarial, ^^ 
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•howii £,raLhxoaUy on Plutgs I and 11. Tb» variation 
gX oosc w:t]i iL€tliua tuid with ojauriul is thu» mors 
kadily sc'jn. 

■6. KACHIN'L ROCK DRILLS AND HOu^RN hiXF-LOSIVES.- 

Bchiijd drtlia urs ij:3du CAttiiisivcly in 0}/eu ouia 

lui.:.el3,niiei-9 the vori- is Iieavy eriOUf,h to war- 

t the outlay. They tre ■.v3:k';d by atea-ui or by 

iii,:resseu alr;the ialtar bein^ l^refei-alle iii un- 

Br-|.rouii& work,aa tha releuseu uir uL^a in vtti.ti- 

tion. Two kind! ara U3ea:rutatiii^ drills and ^^r^' , 
Qssion ciTills. jhJ 

4li (liB loriusr, th« drill rod is a lon^ tube revolflV 

about H\i axia. The end,haru8iied lu iorsi an 
bular oiitting edge, is k- a 1ti oont^ct with the 
lek. A solid core is Uiiually brought uy inside the 
b«. The diuiuond drill is tha uuly ior^: in coi^on 
• in this oouutry. It is e^j^eoially viiuaijle for 
Ifiapeotin^ or other work where an accur:xte kiio'wl- 
Ib0 oi the uuterial pas^ea through is desired. 
Uea several huntirad feet deep oan be drilled^dt 
«(}st Tor iroui S to 3 inch holes in ordinary gran- 
s, liiuastonOfOr hard aanustone.of iroui '^1 to $2 
l.foot.atid at the rate oi Itom 1 %q 2 feet an nour. 
■a the {erouasion drill, the drill is driven a^-ainst 
m rock oy uireot stvaiu pressure actm; ai^aiast a 
l^iton on the bar* A slight rotation is ;,iven with 
•a'oh bloK to prevent the bit frou ocnstantly strlk- 
lu^ ill the aauie pluoe. A 1 to S Inch hol^ can be 
uriUed at the rate of from 5 to 10 feet yr.hour. 
(lependiu'j on the character of the rock and the size 
of the luaohine^at a' cost of frou 10 to 2Sff pr.lin- 
eal loot with labor at SI pr.day. 

l;rinkcr {E'xi>lqaive Couiyounds. Kaohlna Rook Er^llls 
»V4.^L^ /■Z'^ ilBBZ) in tttteH-ptiiig to ooiut-are the cost 
of t.':inu and maohina drilling in opan outs, finds 
the duta too oonfllotiug to allow of aati^fabtory 

I results. In tunnel v.ork, however, where lue rook is 
iitm ttUd the work ^ell pushsd,the progress la abouu 
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_' tiiuas as great with uaoliin^^fiis nitli Iiand drills; 
lu soft rocV. the airierenca .;iU be Usj. He finds 
that th« cliaiiioticl Urill is wot us ttcotiomioal.as tli« 
perousaioii for short iioles m sivh-ii- oi-^ii work or 
tuimelfl, H<s givds tables of r«c ^ tunii«l worX in 
luany parts of tlie U.S.whery thfi c^st ^«r foot pf 
^UJ hple^ avora^'eg about .^,P^ leas by iuaohin«,th-h 
by LanU dri tis,-tiie perce:ita.^'e cou/uted an the to-' 
tal cost ijsr yard would of ouurae l^ ii.uch Imss, 
Trautviue says that Wnen i^or.\ is done on a lur^-^ 
soale.blastiu;:' oan souietitues be done at irooi 10 to 
20 ]jdrouiit 1>^^^ 'jost pr.ou.yuru by Lt^auu ci tuaohrue 
dri'ls and d; tiaiuita^thau by h..U'.*i IriUs and -^u- 
powOdr, Oi'diiiurily,iio*9ver, tho cost la about tLo 
suaia,ahd the advantage oon3i:^td rather in soonoiuy 
of t line, ooir.k.nieiicef and having the work mora en- 
tirely under ooutrol. 

27.TUKNEL EXCAVATION. The Ooat • f tunnel excava- 
tion by hand labor oan be oot.f;aiQa i^ltli that in o; '^ 
cut by imuns of the follcr.'in;i table uv J.G.Sohoen, 
based on hia personal exp^rienu'i and that of oth'^:' 
•ngiueers in Euro^-'ti (Drluker'd tAploaiva C.,p 1H7) 
Time rer^uired to extract 
\^m Material 1 ou.yurd of tuaterial In 

^H days of 8 hours 

^m Tunt;el Ops! out 

^Soft ground .13 *^ZJ 

Oruund extracted with the pick. 31 .l^H 

" separated with the gad ^| 

(s^eel woUge) .34 .16 

RooV.s which are quarried .96 .SP 

Rocks qliarried and blasted 1.71 .&4 

Rooks to bo bJfuited 3.R'' .87 

Tills Is for a tunnel section of abuut 50 sq. yards. 
For the advah'^c loading of about 3 yards area, or 
foi-Totl'dP 3o„tion,he mcraases th<i time and oost 
invsrsaly as the iiquiro raot of the area. It does 
no- iuoludo the loa.u:nL and hauling. 
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& tiuias as great with luaolitimf^s Ttith lianJ drills; 
t Xi soft reck tlis aUlererica .aU be less. Ha tiuda 
t-liat the (liiiiiioiid Urill Is iiot us »&oiioiDioul..aa t>ie 
\»^rous8ioti fur short iioles 1:1 siihoi- o^eii irorK or 
txiitusld. H<s %i\^^3 bubles of r»C' t tuntiol work in 
mevny parts at tho U.S.wlior'* tha cost ^er foot pf 
^UJ hpl£ iwerayes about fiO?: les^ by iuaohin«,thih* 
^y hand drtila,'i2ia perodiita.^-11 ooiU|;uted on th« to-' 
tB). cost per yard would of uourse le ii.uch Ihss. 
trautwiiiQ says that wneu v.or.-. is done on a lur^-^ 
sodlOf blasting oan soiuetiiuas be done ai iroft 10 10 
" I parotfiit l-^iji oost pr.ou.yar-. Ly Uisaiia oi ujttoh:;i« 
[drills and d; naiuite.tliah by h.^i<a IriUs and ;ij;uu- 
|>OMddr. Ordinarily, . lovaver, tho uost la about tho 
uiiB,ahd the advantage consists rather in eoouoiuy 
' tiue»ootr.> nieuoe^and haviu<^ liia work luore an- 
^rely under ooutrol. 

7.TUKNEL KXCAVAIJON, The ooat ■ f tunnel exoava- 
lon by hand labor oan be oo'a.^aiea '-itli that in 0; 'in 
Bt by Dieuns of tlie foUoranc: table by J.G.Sohoen, 
tsed on las personal expijrienu'i and that of oth'}" 
flnaera In Euro^.'* (Drinker's t'-K.loaiA* Q.''P 1^'^J 
Time rer^uired to extract 
Haterial 1 ou.yurd of luaterial in 

days oi 8 hours 

Tunnel Oper^ out 

bft ground .13 .07 

iound extraoted with the i)iok.21 .1? 

_ " aecarated with the gad 
"(s'l.eel wedge) .ZA <16 

RooV.s whioh are quarried .96 *S9 

Koc^s (itiarried and blasted 1.71 .54 

[Rooks to be blasted 3.2'' .87 

\Taxn Is for a tunnel saotion of about 50 sq. yards. 
[pj the advan-^G loading of about 3 yards area, or 
"^iher s<)vaion,ho mcrt^aaes tha time and oosl 
srsaly cis tho ^niuro rsot of the area. It do«l 
iuoludo the loi:u;n^' and hauling. ^h 



«S9.<1!).F.7.) OUARRYtHO STOE 
}e tlie oust of dxv.riiotioti is leiss v.lth soft luu* 
kl^ths 4ia30itry or tiifiber llhing racuirea with 
i«Xl9r rotAS.aiiii r'.'_ tomporai-y ti;.iL lifiuii ""''^ 
^enl linliit; roirv::-jd i^Uli earth, r^oi;dar^flr;jj 
jd rotA the choai,!i3t. lufcitarial for ''^'* i"^'^ ^ 
tltwiue <^lvc3 the oost ^.n rocX, labor $l.^r day. 
foil. ?.^.to S5,jjr yara.dipeiidlrig on tl.s oliaractjr 
La rock, lor tiio main tounel,froti. J:. to SlO.for 
■eaaii.b,ar.d apout SOS ...or© for sh::ift3;tha avar-' 
bxuavation Bxtciidiii;^ frou. 1 l/Z to S foot boyoui 
blear diuiensions. 

Feontract prices foh the Vosburg tunnel, a dou-' 
Iruok tunnel 390^ 't.long through sandstone aiid 
Is, on the Liahigh V.M.R., built ISSS-S, rare (The 
brg Tunjiel Hosenburg), 

1^ sxoavation, ^r oublo yard, $3.40 

8.00 
"■ 12.00 
" " " 12.00 

■toue baoking over aroh, i* <* » 1.50 

- - ■• 5.00 

1.2s 
.25 
8.00 
.90 
iverage coat of tunnel proper pr lineal foot 
(180. rih tunnel was all liued;part of the viay 
ids »alU vere oiiiitted,and part of the way 
iraty suppoit for the roof wus neoeasary. 
are xere paid $1.27 pr day and drl liars (laa-' 
i)52..^. 

CHAPTER I! I 
COSI. OF I'XSOtiHY 
COST OF OUAHHYINO SIONE.-' Taken mainly frou. 
viino. After the prelLiinary expenses of pur'' . 
; the sit.a t:< a g.jod quarry; cleaning off the 
loo earth and disintecratinf top rock;and pro-' 
g tba neoessary tools, truoka,oraho3, etc, ithe 
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C.III.5R&.(13).F.7.) DHI^SSINS STONE. 
.otal neat expsimas for gotting out the roug^i stone 
tor inacoiiry.pr.cu.yur J.rea^y for delivery, may be 

roughly tl}Jt,r^.%lI::attiU tllU^: 

Biones of 3uoii di^es as P. mhu cun reauily lilt, 
Masured tn i,ile3,vvUi cost ciijout us j..uch (tr.yurd) 
ftji frow l/'i to l/P. tlie ufiiiy .va^od of a quarry la-' 
borar. Lar^e ston«3»rahgui,^ iroui 1/2 to 1 cu.yarU 
•aoh, gotten out by blastin^^iroiu 1 lo 2 daily wa^es 
jff.cu.yard. Large stonea ran^iri^ fruiU 1 to 1 1/2 
ou.yurd:! eaoh^in whioh most of tho work \uU3i be 
done wltii wedges, in order that tiie indiviuiial stones 
aliall coue out in regular 3iia^<:}fand ooiiforiu to stlj^-' 
uldbed dimeTtJionSf from S to 4 ually wa;^es ^r.yard. 
fbe amaller prices are low lor sandatoLe^wiiile the 
higher ones are Iiigh lor granite. UhJer orainary 
elrouuistahoes, about 1 1/5 yaru:j of good sahuatona 
tui be quarried at the sauu cudt us 1 ol granite; 
or, In other words, calling Um oost of ^^ranlte 1, 
that of sandstone will be 3/4td0 that tne means ot 
iba foregoing limits may be re^ai'ded as r^ttlier full 
|Vioes for saitdstone, rather ucaut or°s for granite, 
U)d about fair ones for liiuestune or barbie. 
29. COST. OF DRESSING STOM:.-' A liberal allowwioe 
sbould ba luade for waste, Even when the atone wedge 
out bandsoDialy ou all jidus from the quarry,tin . 
Ulrga blocks of nearly the required shape and aiz-i, 
froui 1/3 to 1/4 of the rough LlooK will generally 

Kt luore than oover waste when full dressed. In 
ooka averaging about 1/9. yar'.,aiid gotten out by 

klaating, froii. 1/4 to 1/3 irill not be too luuch vaste 
for atone of ueuium oharabter aa to straight split-' 
ting. About tlie laat allowahoe should be uade for 
vail aoabtled rubble. The smaller the stones, the 
iraatar luuat be the allowahoe in dressing. 
Khen freight- forma an important item^it thus be-' 
OOiuis axpeuieiit to have the atones dressed at the 
quarry uj lar as possible.' 
A stouuoutter will take out of wind;and then fair-' ' 
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C.ni.%20.(lS).F.7.) LAYIKQ STONE. 23 I 

ly patent- lijuuuor tiresa, about 8 to 10 sq.feet of 

plain fiaoH in liaru granite, in a day of fi licursjor 
iKiOG as in'jou of such inferior dro^sin;;- Ub is us-' 
ually bedi<^<s9a ou the beds and joints;ah:i ^euerul- 
ly on the loiis also of bridi,-9 iiia3Ctnry,oto.,wl!&n a" 
T9ny fi.ie finish is not r»qu^r>ju. In good stutdstcna 
or mar'jlQ, he ct-n do aoout. 1/4 ui&ra tl-an in t^rtinita. 
OS f i.risst 'tehaijiiar fijtiati ,gratiito,ha can only 

4o 4 10 6 sq.U'et. 
SO. tOSr, OF LAYING STONE. -Tvery item coiuyosu-g 
the tot^.l cost i3 liable to xunh variatiun;ttii ex- 

I ftaple will shor the luathod oi laaKing an estiiuata. 

r Vftgas assuiMiu at S'^ pr.uaii ol 6 hours for a coiuMOn 

L laborer, ana $3.50 tor a uason. 

I M^l^'' (^'^'^"» 1^^'^li^'^* Avertige si:^e of the stoneii, 

P My 5'*<2'»<i^4';or2 sionea to a cu.jiard. For granite 
Or gTi«l33,tha cost will be about aa follows-; 
Setting out the atonn by blasting, allowing 
1/4 for waste in Oresaing;! 1/3 yla.at $3 $4.0 
liresaing 14q' of faoe, at 56^ 4.90 

" 52 " " beds and jOints^at 18tf -i-^ 

Neat ooat at quarry IB- 155 

Hauling, say 1 yila; loading and unloading 1.% 

Mortar, say -40 

laying, inolu^Ui^ scaffold.hoistiiig maohinery, 
■uper i ntendeiice , et o . 2.&QQ 

I Neat cost 21.86 

Profit, say IS pr.ot. ^Zx^ 

} Total oost pr.ou.yard of luasonry 25.14 

hUounded or moulded faces will oost more for dres 
ling. 
Fit the stone te sandstone with good natural bads, 
til* getting out uiay ba placed at S3; f abe dressing 
et 26(2 pr.D',=^?.34 pr.cu.yardjbeus aiid joints at 
134, =S3."9 i^r.yardimaking tlie neat cost laid $17, 
' stead ol the ?I?1.86 found for granite. 

tot^. 1 oost of large woll dctibbled ranged auhd-' 
e tiasonry in mortar, may be mkdn at about $10 
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C. in. 550. (13). F. 7.) UYING rTONE. 2<^1{ 

30a. COST OF LAYING STONE. -Ttio roUohl.n^ analysSa 
or actual cost for ubout 600 yar^is ' of eulvart 
itasonry Is Bwde by E.D.Hlll fLrif^rg, News, June R.lfiffO. 
•The worjc was on the I.D.& S.fty.in Putnaui Co,,f3U'^. 
Bier lBfl7) to replaoa a treat 1-a some 7o' blgli. The 
alone were hduled by train frou u sandstone rjuarry 
about two mi les away, unloaded oir.a^ji tliaber ^ '"" ■ 
•nd alloiract to slide down to tlie^' \,.- of ths oulv ■ 
«r6. They were turnlshed at a. contract price ot M 
tl.60 per yard for dimension jione, loaded on the 
oars, and measured In the woric. The stone res^^ublea 
the Berea stone of Ohio; It quarries In bloojo of 
large size, without flaw or s^am, is at first soft 
and easily worxed^but liardenij by exposure. 
COST OF ARCH CULVERTS. -61S CUl'^IC YDS. OF HASONr.Y. 
Items Total co^t pr yd. 



Cuttars and hdlpers 


J1370.48 


S2,34^H 


I«ii)plate3,bsv8ls,eto. 


11.00 


■ O^^l 


Hepalrs ol outtor's tools 62.39 


■ O^^l 


Kat«r boy 


11.74 


.M^H 


Total cutting stone 


144,' .?2 $1446.62 


2.3^^1 


Vasons, laying stone 


384.87 


.AS^I 


Helpers to masons 


443.98 


• 74^1 


Y<ortar mixer 


131.72 


*£j0^^| 


Vlater boy 


11.76 


•OJ^^I 


Traox laying 


7.70 


*^^^^l 


Carrlok. stone shute,eto. 


14.33 


t9^^^H 


Aroh oenters, erected 


37.65 


.0^^^ 


Total laying 


10.?!. 98 1031.98 


1.88" 


point tng 


30.00 


.05 


Total labor 


2607.60 


4.09 


<1S yds. stone 'S $1.60 


919.60 


l.fO J 


100 bbls.Alssn P.oement 


316.00 


■ 


30 " . - > 


Sf.60 


^M 


4/0 ' Burham " 


130.00 


^ 


20 " Louisville " 


SO. 00 




10 • 


S.75 




Total oeiaeni 


'tn.f.i, 6,i\.« 


AV 






^^^^^^^1 





■t.lII.S30.U3J.P.7.) lAYISQ STONE. 88>^ 


V oar loads sar.d • $5.60 $3B.S0 $ .06 


Total luatorlal 1529.26 8Ts6~ 


3r»nit total 4039.86 8. 59 


CoiTOrete 43,75 ^^h 


IxoavatlonSj found. & drainage 260.77 ^^| 


Staset piding 19.89 ^H 


^inliar for drain trough 2.59 ^H 


Bilttra allowanoe on sheeting ^H 
V^ stona 20.00 ^M 


■ Total 346.80 346.80 ^B 


^1 Grand total 4383.66 ^H 


BJlIsoel lansous data ^M 


■• Ceinont- 1269 pr.yd.of masonry, or 2 2/5 yds. masonry ' 


pr.bbl. or Louib/lUe or SOOs.and 3 1/6 yds.pr.bbl. 


■r Portland or 400». 


leale or wagos-' Foraman $3.60 pr.day or 10 hrs.; 


liters, $3; carpenters, $2. 60; mortar mixer, $1.60: la- 


rer3,S1.26;water boy,60«. Cars loaded with about 


1 yds. or stone. 


aker (Masonry '^onstruotion.Wilev 1889) sivas vrla«l 


r dirrerent kinds or work, among whioh are tlie fol 


»lng, 


SUMMARY OF COST OF MASONRY, per oublo yard. 


Mln. Hax. Average 


oh masonry, first olass $7 $12 $10 


oh masonry, seoond olass 5 10 8 ^^m 


X oulvert m. in oement 2,50 5 S.Q^^J 


lok masonry 6 10 8 ^H 


Idge masonry, rirst olass 10 20 14 ^H 


Idge masonry, 2nd ol.in oenentB 12 10 ^H 


norets 2.50 8 4 ^M 


ping 3 14 12 ^M 


nension stone ma., granite 40 60 60 ^H 


tving 4 2 ^B 


lope-wall masonry 2 6 3 ^H 


^ared stone masonry 6 10 7 ^^^ 


prap 1 2.50 ^-^^H 


Itble, first olass 4 6 5 ^H 


lbble,2nd olass in oement 2 5 3 ^H 
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'.in. 5S1.M3).F.7.1 CONCRETE 27 

pr.ou.yarU. The above are for oomuion luortat. 

Cost of large acubbled granite rubbU,such a 
getier&lly used as babding for the forQioiiig aahli 
■ (0ii&3 averajiiij;- about 1 /2 cu.yari eacii. 
flottlii^- out stoiitf from the quarry by biust-' 
IngjuUowlng 1/6 for waste in aoab^in^;! 1/7 
Ou.yaVdd at $3. ?3.4 

Bauiiii,^ I luile, loading at.d uitloadtug 1.' 

Mortar (1 1/3 barrels hodtuaale ceiaent aad 
2 2/3 bu.« 10 cu. ft-. sand, aha mixing) 2. 

Soabblii:^ l^iyiiigfitiCluding soaifold, 
hoisting uaohl[;ery,eto. 2,; 

N«ut cost "^7-. 

Cotitraotors i^rotit^say 15Y 1.56' 

For ooiuijion ru^bU of suall stones, smtfias^S men 
ean handle y,e lua'y say.allowfi^ for waster*^. ;haul** 
ing $l.;laying and aoaf fold, toots, etc. ^iJ^SO; 

Mortar as above 12.^0; totul$S, 80. WitJD smaller 
•toiios suoh as I man oem handle istoiw 709; hauling 
tl.; laying, soiiffold,etc.Sl.;uortar $:?.30:total $S.30. 

Ail the above are on the basts of oobuuon labor at 
S2.{}er uay;whioli is probably i . soue 2S% too high 
for a<03t railroad work in the U.S.. The distsnoe 
froiu 4uai'rias hhere suitable stone oah be bad^the 
Bteahs i-l tratis{.ortation,tbe proportion of oeiuent 
(0 sahu eto.wlll greatly affeot the cost of the 
dlfferaiit Items, 80 that the above should not be 
used in plaoe of abtually ookputed values exoept 
for rou^i estiiiiates. 

51. CONCRETE.-' This is tound by mixing ceDent with 
land, arid gravel or broKvi stone. There should be 
OQiuent oaoug:h to ooat all the pieoes of stone or 
gravel, u:id fiill all the Intarstioos in the sand, 
the sahd and oeuient in turn filling all the inter-' 
Bticos in the gravel or broken stone. Kanauing re-' 
duoos tho volume 5 to 5% and increases the strength, 

Vmon broken stone afe used they are usually re-' 
qUired to pass through about a Spring. 
' / / J / > 
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. I V.^SS . ( 13) . F . 7 . ) MASONRY. BOX CUtVERTS "^ 
The ; rrtijortimia whioh have beon iiseu oii a few !■ 
|jor!;:>u* v.-or:-va are as foIicwa-iN.V.Giiy I'ocks.Port*! 
. i&ii.i c'^u-Jiit l,£Bncl ;?, broken- St 0119 (ii-ird trajj) 5; 
irfourui'i r 1 yu;; l^iuahln^ton i-'oiii/inani, fortiuntt cement 1, 
Kiaiitt 2,fe,TavGl S.tti-L-Kon atone 4:BrooKlyn Briuge.Ro- 
• sendtilu ot*...erit IjCand S, gravel 4;Foui,hkeepsie ■ 

yard luixtu with gruvol, ^^ 

The coat of broHhin^ the stone witn u atone orush- 
•r,aiter they urj c,imrri9(i,wUl be fvoii* 40tf to 50C 
jir.yarci. Iho cost oi luvxiiii, by hand, iabor at $1 jff, 
day, will be Irom 30tf to SO(C;by luaohinery where 
iar^e quantities ttis roqutred it can be done for 
uuoh insn, TiiQ c*AiGY im-Ma wiU defend upon looal 
conditions, luarkets, etc., and can be reauily estima- 
ted when the oonditiuna are known* The total ooai 
varies froiu about o3 to SP pr.ou.yard* m 

cHhPim IV. ^M 

SrANDARi: :?rHUCTURes ■ 

S9., ALVANTAOES.-' It is oonvanient and econouioal 
to design standard types for most of the ordinary 
structures niet with in railroad ooniitructioni these 
typet) to be only laodified ivhan- necessary to suit 
speolal looal conditions. For mall tiiruotures, 
the adv^ntagfes ol uniforiuity in construction and 
in order bills of material, and the inoraaised con-' 
veuienoe and rapidity with which repairs emd renew-' 
sis can be uude by keepini^ luatertal in stock, out-' 
weigh tho saving in direct cost ot oonstruotion^WCK 
nl^lit be secured by a luors niinuta adaptation to 
the special local oondltions. 

The feauturas which experience has shown to be 
desirable oan be seen froui a: study of the a'ocoiupa-' 
tiying plans of some of the available standard jtru 
structures of the leading railroads. 

3E. BOX CULVERTS OF KASOKRV.-' Masonry culverts 
itre the kind in laost general use, especially on old . 
ro^ids. If well bvllt,on good foundatious protected^ 
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C.rV.533.(13).F.7.) BOX aHVLRT.^ 

the ioati on a tie ami prevent the shook froiu rsaoh 
ing the cov-ir stone. The length oi cuiv9r--aGper,(is 
on the deptji of fill to the ootiing and on the 
width of roai-bed.but it is here given in terms 
of the distuno9,"S.Li.", oetween the regular alow 
stakaa. The "trunk"i3 iiieasurea between end walls. 

The second tnioknesa under "side ■■ Ua'Tor Doub- 
le Culverts is for the partition- wall . The sao - 
tion of paving holds only for the trunk; the ourb 
3 ft. deep and 1 ft.tnick,anJ the paving under tha 
opening at tiie end walls is given under "ends". 

The end walls are given in tlie original by hei^'ht, 
thickness and yardage; in assuming ll leng;th the 
new yardage as ^iven differs slightly from the old. 

The"end waUs"do not extend under tiie opening; 
their foundations are 3ft. asep. The Isngtii^plus 
twice the thiokness.and minus the width of the 
opening, should be at least 2 times the height to 
the coping to j.revent dirt from running down In M 
front of the opening. I 

Canadian Paoifio Railtvay Cu Warts . Plates IV and" 
V. Redrawn frou. Engrg. News. Deo. Sfl, 1888. The prac- 
tice of extauuin'g the paving unutir the siue walls, 
as is dono on Plates Illand IV, Is not consider>jd 
th« best practice by many engineers; it should be 
limit»*a to siuallculverts with ^'oou end wuUs and 
curbs to prevent under cutlmt,. .aiiy of these cul- 
verts were lai-> dry; tliey would be wore aurabltt If 
laid tn hyOruulio oeiuent luorter. The urci. oulvert 
wing walls of Plate V increase the discharging ca- 
pacity of the culvert, and shorten its length; the 
costpar yuru of uaaonry Is probablx^ a little great- 
er tnan with ^jlain ena walls; the relative quanti- 
ties ,c4n be seen by comparing Plate V Alth Table 
IV. The News joes not believe In 4 ft. spans ex- 
cept where Che bast of stones are available loroov* 
ers,nor in covers less than lJ!"thick for spans 
leas than 3 /t-.anu 15" tor Z tx.awl «.tKiN%, 
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The itaiokness ot the stde walla Is aottftiniBS in^ 
oraaiied as tha OeptU of fiU increases, euerally; 
liowever. for auoti uuaII lipattsylnoreaaeu protect loi 
froui aiBospherio ulsiurbtinoes.aDd troiu shook3,vii 
al>ou& Oo-ipensat« for the increased pressure, 

34. BOX CULVEKTS OF VOO.:-.- Plaie VI,froiu Engrg.- 
New; , "ar eg ?,133A? Ilie usual ^dct ice, when uiasonry 
Is too expensive, ims beei; tu jut iti lho trestle 
bents tar enough afArt to alio* of oonstruoting M 
x^'um oulvert later when lue^iiij Kould allua. Plank I 
arara >}laoed behind the bents to hold the akilank- 
ibsnt ,an<i strin^-ers on top to supbort tha ties audi 
%r«cx, Tne objections to tliuii breaking the contl- 
Buity of the earth ana bulinst road-bed hu3 leu to 
Ibe quite extensive use of wooden box culverts Nhan 
OJiaap- 00113 t,ructi;7n is necesaary. They do good 'i0T% 
"Vioa tor litany years, are out of tba ixay of (Ireland 
do not oav» in even whan very rotten on tha insldi. 
Thay should not be plaoeu in very deep fills, ua 
tbay can only be reneweu by excavating to them. 

Iron pipe, hovvever^of but slightly less aa)>acity 
oaji be re»dily inserted witauut disturblag tne box, 
Biiia of quantities are given on the Plate. Tha 
cost of framing; aou putting; In place after the ua< 
terialB are delivered ahoula not exceej froiu $4 
J6. pr, 1000 ft. 3.11. with lacor'^jS.uer Oay. 
?S. PIPE CULVERTS. - Krougwi and oast iron ptj)« 
la ooiiiing inta quite oomuon use for small open- 
ings. Ihe wrought iron pipe should be heated ani 
ii^Mrsed in a preparation of coal tar to prevent 
ru«t. Double thiok gla^d seKtjr pipe is also quite 
•xtensively used. Ihe undistiirbed eari.U should ba 
nloaly scooped out so that lus saver pipe will bs 
baddad for its seuiiolrouuiferei.cu. Fine uaterial 
abould than be used for tha nrst toot or luora of 
oovaring. 
Considerable slope should be ^iven to tha pips to 
prevent water from standing, as it will freeze i^orr 
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CIV. 553. (IP). F. 7.) KAIER VAV,aiLVEHT3 38 ' 

Lrvauiiy cnan in a uasonary ouivert, gnd walls of 
uiasonry are U93irdi)le,t)ut they are not always usffd. 

3a. HTER WAY FOH CULVERPS. If other culverts can 
be founJ ov«r clie dtune 3trea.u,ur drainiiig' about tlit 
aaiua areaMlth about the saue surface slopes, they, 
In oo:iiteotion with ihs ni^h water narks, will lerva 
us the best guiien. If none exist and the ooutlt- 
tlons oaimot be stuciied durin(s high water the fol- 
lowiD^ fornula by Maj , li.D.Hyera ulil serve aa a 
rougii ^uioe, 

Area of opening in p" »c\/arai"jiagirarea liriTorlMr f'*'^ 
vfhare o = 1.0 at* a nilnliuum ii. flat country, "^"l-^ 
in hi lly.ouiupaot ground, anu « 4.0 'la a joaxiiuuiu l^^J 
uountainous, rooky country. ^H 

RuOulph Herring uropo393 tap lollowlngaa du>M ' 
^oourbteiy lakln^ into ucoouni tiie affect of dls^ 
tMUOa and slope on the time rajuired for a ^lva» 
ralniall to reach the culvert. 

(j ■« 5oV?r+'s55cr- ?;£oo ♦ o.ooosvm (im 

lor flat rural couutv tes. 

• esViTTlT'ipr- P.'^O - u.OOOlM (16) 

tor blily ooun tr ie s. 

Q • 8.^VM"+T40"-' 2100 - 0.0007eH (17) 

for the uioat unfiivorabla condlttunsj 
Wiiere 41 = cubic taat pr . secouu to ba dlaoharg 
aiid M " drainage area In aorsj. 

tiuvili^ Q the water way can be coiuyutad froiu the 
loUowin^ ioruiuid, {^iven by Proi" .Church, whloh aup- 
^9t»a the culvert to be lull bui not uridfir presaura 
Q - AabViiaJor rectangular section^ 
■ A ■rri^'iRs, for cirouUr section ] (18) 
whare a « '-6>»th ,b <= breadth, 3- slope of bed and 
Of water surface = ratio of fall to horiaonlel oi*- 
~|aitoa,r » radius,? ^ ^_ for rectangular,- r, for 

nroulai saotiun, A • a» below it »and tha 

jlliueualcas are in last. 
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ctottotii ttiici slilaa 01 aal> — 
Var, ferlok.or eUsu pl)M,A' 

Ditto, dvora^tft rul3ble,or 
baldly Inorustea ]iiiM, A« 

Dit to, gar th, A» 

Usually tiis liala uutaineu will not Im suttiolant 
to wai-rai:t very axteniiaU couiputations.but tha abgvo 
■ 111 allord useful ^'uidas. 

37. WCli CULVKKT.'!. Flats III. Tb« cost and il^slr- 
ablilty of an aroh culvert stiould ta ooiisiderel be> 
fora udiiiji a double box, HaiLiimr- dressed joliita are 
not neoassdry fOi li.d arch rin^- until the preasura 
pr.a" becomes ^-reatei than the hydraulic iborter Oan 
safely carry. ?riciv are uftei. used for the aro.k 
rin^. Only such as have been thorou^lily vitri fied 
in burntiig will stand exposure to water and frost. 

The Vest Shore sl.anuards,see %hl,]Mi- be tabulated 
IX follova . 

S«e Plate III for ..<lan ana relerence.;. ^^| 
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IZ'B" Iff' 
Th-* diweusions on ^ lata III ars cujiwou tw all tuf, 
ppaiis, those wiiioji aie not couuiiOh artj ^iveii aLOV*| 

can be reterreu to by letter. 
^ The cubic varus above the iounoution ctili be 
froib the followiu^; 
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.IV.5S7.(18).F.7.) ARCH CULVERTS 
{Span Ends Truiuc Suan Ends Trunic 

6 36. 46 1,32 14 l-?5. 32 6 . 62 

8 66. 5G 2.29 17 246.10 7.36 

10 83.12 3.24 20 360.78 9.93 

12 119.18 4.40 

which shduld be addsd the cublo ye ds In tha 
toundat 1 ons . 

Ilho s:ko is in feat; the ends Includa the parayat, 

tfpnndrel walls, tho arch ri^ig under it, and the 

jingj for both ends in ouaic yard3;and the trvru:, 

bench walla or abutaonts, tho spandrel fllli; 

r the aroh^and th€ at^oh ring, in ou. yds. peril; 

H foot. 

The depth of the foundations will dopend on local 
conditions; it should seildoin be less than 5' unless 
resting on rooic. 
The capacity of the oulvsrt can b« lnoraa8«d,and 
the danger from ohOKlng with loe or drift wood dl- 
mlnishediby uoving tha wing walls at the end to- 
wards each other, as In Pl.V.^so as to out off the 
shcr^ corners at the entranca of the aroh pro;:ejr, 
With a bartered win^ the Intisrseotlon of wing and 
spandrel is t'suc.ily moved up to the soffit at tfia 
si>rlnging lin«,a:;d the projecting toe Is rounded 
oti so as not t'j projoct beyond the iaoe of the ■ 
abutment . ^ 

TABLE vI:Trautwin::'3 quantities for SEiaiciH. arches 

Total 
Ht, Span Span Spr.n Span Span Span Span span Spun 

»6 8 10 12 15 20 25 36 60 
6 1.46 1.53 l.f.9 
e 1^99 2a2 2//.Z 2.36 
10 2,67 2.77 2.07 ;?.9? 5. 34' 
14 4.77 4.67 4,57 4.41 4:. 72 6.37 ^.10 
IB 7.60 7.49 7,^'^ 7.01 7.04 7.03 7.61 

10.8 10.3 10-3 9.57 9»T3 11. S 
14.:. 13.1 13.0 13.8 

17.4 17.2 16,5 20. 
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Total Langth Cublo Total Lengtii 


I Cublo 


-fit. of Wing yds. Ht. 


, o:WlngYOa. 


6 1.73 4.04 SO 


43.3 


813 


^8 5.20 14.8 34 


60.3 


1192 


BO S.SS 30.2 40 


90.7 


1928 


14 14.6 85.2 44 


97.8 


2552 


18 22.5 183 60 


78.0 


3741 


22 !29.5 329 65 


88.7 


4942 


28 38.4 541 90 


96.3 


8404 
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^ Th9 alcove tatU Is for preliulnary «8t[inat»s only. 
Xhe total height la from bottom of foundation to top 
or iceystona;the quantities urdsr s pan are ou.yds. 
par foot length of arcti.they Inolude ample allowa 
ano0 for projecting footingsithe quantities under 

.spandrel walls are ou.yds.in the two sj)andral walls 
above the section of the trunK produced to the laoa, 

' tba length of trunj£ being taKan from faoa to face 
of spandrels. 

The. thloicness of aroh ring in feet ■ 0.2 + one- 
fourth the square root of the span. The thlcicness 
of abutstent at springing line, In feet," 2 + 0.15 
spaa.irlth a batter on the back of 1e12. The sijan- 
drsl filling for tha trunic is oarrled u? at the 
«dga of tha abutment one-half way from the spring- 
ing line to the top of the icayatone. and the tangont 
to the aroh drawn. The end spandrel walls extend 
2' above tha Jcay.whara they are 2 1/2' thlax;ih« 
lowssl point has a thtoknass of 4/10 tbA IaV^^-. 

Ths ving milB dsrUot SO* Itott sx\% ^1 ^.ttto.,^^'^'^ 
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• thlOicness of 4/10 the halght trhan not Inoonsist- 
•nt wllh a minimum of 2 1/2'. The oublo yards Ifl^^ 
Oluda the 4 wings. ^^1 

38. BRIDQE: abutments. -Al>utment9 with wing tralla^H 
In the same line, or with wing walls aaiclng anjie^^^ 

* ''of 30* with the a'butment^are perhaps the most 
ooiumon. Those with wing walls r'jnning llaojC at 
right angles, forming a U.and those with tlie two 
tides of the U brought together forming u T,are 
quite common. Their eoonooy should be most mar^ced 
where high ground can be reaohed for the win^a 'oy 
going directly baox from the faoe, while low ground 
lies along the line of the abutment. The end of 
the fill is not as well protected from wash for a 
•Ireau crossing as with wings which hold the dirt 
bthlnd then. Comparative quantities, for level 
groun d,oaa be found in Balcer's Masonry Const. I 

B«low are glwn the West Shore Standards, taxen 
tin the Tables referred to on p. 29. No data Is 
given by whtoh the wings can be separated, and the 
mIr abutment shortened, for single track. Assuming 
llie total reduction ti to the reduction In area of 
%fae cross section of the fill, from a 30' road-bed 
%0 a 14'. road-bed will give quantities which can be 
used for preliminary estimates. 

TABLE VIIi WEST SHORE STANDARD BRIDGE ABUTMENTS. 
gee Plate IX for Flan A and Plan B. 

Double traoi^lngle traoyDoub.traaxJSing, traox 

Ft .Jlan A £ln.r " " " " "' " '" ~ 

i 80^ 29 



6 38 36 

e 67 &b it 34 

10 79 77 61 49 

v. 108 103 71 68 

14 137 IIS 94 91 

15 173 169 122 UO 



J/Plnj^ ilSF^ •Pinjf_ln 
17 ^Ifl /S2 V^i 6fl 
I 22 21 S4 759 740 




38 868 8S7 
38 966 919 
40 1083 1031 
42 1207 1148 
44 1341 1272 1117 1080 
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C. IV. ^39. (18). F. 7.) BRIDOE ABIITHENT3. 
18 214 209 154 150 46 1484 1394 1244 1165 
20 2£0 255 191 187 48 1636 1656 1379 1311 
22 312 306 333 228 tO 1798 1711 1524 1415 
24 o70 362 280 274 52 1971 1S75 1679 1597 
26 4o4 425 .(34 3^6 54 2153 2049 1343 1754 
28 504 493 392 3S3 57 2443 2'^''0 2109 2008 
30 532 569 458 447 60 2767 2ic2 2397 2.51 
The- quant-ittos are in cubic yards, and Include 3' 
for rouidat ions, with footir^gs. Tiie quantities for 
Road-tcd 14 are only approximate, as above stated. 

39. PILE AND FRAMED TIMBER ERID3E ABUTMENTS .- I f 
th9se are put in for ter.ipor&ry 9tructures,they 
siiould usually be placGd ao ttiat th? masonry abut- 
ment oan be built with as li ttle disturbanoe ot 
thd iraojc and Its support as possible. Usually lit- 
tle or no 1111 will b3 placed against the abutmant, 
the traOiC being carried baox on trestllng 11 neces- 
sary to prevent it: a low fill oan however be re. 
tained by u lacing planic behind the piles. 

The C.M.Sc 31 P. Standard of Pl.X is for spans > SO'. 
For spans <80',2 piles are tajcen from eaoit row, for 
both pier and abuWncnt, leaving the spacing 3', 4' 6", 
5', 4' 6", 3', and not disturbing the cul-^ter end of 
the pier. 

The caps are usually drift bolted to the pUefl,as 
shown on the plates of trostles. The quantities, 
in adiition to the piles, will be the 2. or 3, caps, 
eaoh with S ior 7) drift bolts, each say l"Qby 24'; 
wei[;hins 6.67°. U tte aap is more than 6' or 8' a- 
■^ove the ground, sv/ay bracing, as shown on ^l.XI, 
sh'jtld be added to eeo\i row of piles. 

Plates XI and XII neoi no special explanation. The 
I'raiiwd bents can rest on piles:on ...asonry if stone 
oan be had;or on mud sills as a last resort. 

It should be noted that the fraiiie bents have no 
longitudinal stability. If this Is not, a^J:^VV^^.\k^i 
by the adjoining trestle, It can "be su-^'^VVaA. ^i-^ 
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braOQs from the cap to the sill of the adjoining 
trestle bent, or If tue height la considerable. by 
bracing between the two bents, separating theia far 
enough for the purpose. The bolsters should bo 
fastened to the caps. 

40. Wooden trestjes. -These are distinctively Ameri- 
can, not being used by foreign ongineers. Cooper ( 
Amerloan R ailroad Bri dges . 1889) estimates that i 
thare ar.^ 3030 miles of trestles and bridges on the 
160000 mil»3 of rallroada In the United Statfls;2407 
of whloh ar.' wooden or oomblnation trestles and 
spans <S0';343 miles wooden or ooiubinatlon bridges; 
leaving only 380 wiles of iron bridges. He furthar 
estimates that 600 bf the 3400 miles of wooden tres- 
tle will be fil led as embankment, 800 will te main- 
tained in wood, leaving 1000 to be gradually r»ptao> 
ed by iron. 

The reasons for the existence of so muoh woocton 
trestliln^ Is summed up by ttie Engr . News (Aug.l3»* ..' 
1887) in substance as follows; ' 

1. A well built timber trestle, while It lasts, 1> 
a very solid and safe structure, and it lasts usoal- 
&ly in good condition for . from five to ten years; 
■ while much hastily built masonry gives out In a . 
year or two. 

2. There Is more time to determine accurately the 
size of openinjj needed, and thus avoid needless 
washoutf!;bG3ldes,wel 1 built limber structures are 
less llic<ily to wash out suddenly. 

13. The time of construction Is shortened material- 
ly , -often an important consideration. 
F4. The masonry, when at last built, is almost cer- 
tain to be better built, and of better stone. Haul 
then is of less importance, and there will be mor 
time to secure good material. The roads are few 
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on whloh any large proportion of the original aa- 
sonry Is In good condition after tan years. Thla 
Is espeolally true ot tne siualler atruotures^auoft 
as cattle guards and open culverts, which are often 
30 poor as to shake to pieces In a few aonths. 
The lesson that^ the smaller the structure, the larg- 
er and the better dre'^ed must te the stones ooa- 
poslng^^,ir It Is to be durabile,ls one which •ngl- 
neera,^to learn. 

5. It is easier to Introduce long and high rlUa, 
to be afterwards rilled b)y train or replaced by 
masonry or iron;and thus to secure a better align- 
ment and avoid rock cutting or other object ionabl* 
work. 

3. A very large part of the total cost of tha lltm 
In Its permanent lorui Is postponed for 3 or 6 y«ftrt, 
past the crying years of early operatIon;thuB not 
only saving the Interest on ttie cost of tlie penu* 
nent work, but going far to protect the oompany fron 
the danger of early insolvenoy, which has proved so 
deadly to niany over confident oompanles. 

The only ne;08 ssar y disadvantages, are the llabllllgr 
to deoay and to fire. To guard against the fomar 
danger is a tnere question of inspection. Tha C.H. 
& St, P., with UO miles of bridges, 100 ■ "■ of 
which is probably wooden trestle, Inspect their 
struoturos twice a year, and have never had an aool* 
dent of any kind from such defects, which stows 
that thare is no necessity for them. Tha danger 
from fire is a real one, and every year has its ree- 
ord of aocidents resulting there from, but it the 
danger Is real it is small. ThGre are few such ac- 
cidents, and those mostly from gross carlessnas*. 
In proportion to their number, aooidents from Iron 
structures have been vastly more nuaerous and mora 
fatal, and the same is true in sub;stann9 of small 
masonry structures, whose greater liatdlV^'^ ^-^ •«».■*&.- 
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Otibs Is a serious laatter. 
-41. PRINCIPLES OF CONSTRUCTION. -The span for string 
ers.or distance between bents, is usual ly frura 12' 
to 16',oonter to center. Oooasionai ly, for high 
Bents, a greater distance Is used, requiring string- 
ers to be trussed or in soma way stpported at In- 
termediate points. 

Pile bents are used \xp to heights of about 25\and 
even to 30' to 40' in exoeptlonal oases. Front 4 to 
6 are used In a bent, with a diameter of from 10* to 
18" at the large end, and from 6" to 12" or more at 
the small or loner end. Four-pile bents are common 
in the West, but they do not bfllord quite enough 
bearing for heavy traffic. After driving, the tops 
are sawed off, and a 12" x 12", or larger, cap put In 
place and secured by a mortise and tenon, or by a- 
bout a 1 1/4" drift bolt, at each pile. Longitudi- 
nal stability is given by the stiffness of the 
piles, and by the anohoraga of the flFor system at 
the ends of the trestles; lateral stability, mainly 
by diagonal lateral bracing, of about 3" x 12" plsnk 
spiked, or bolted with 7/8" or 1" bolts, to the oap 
and piles, one eaoh side of the benb. 

Frame bents for heights up to 30' to 40' are us- 
ually composed of about 13" x 12" timb9ra;2 vert*- 
oal posts under the traoic stringers, and 2 Inclined 
or batter posts, with a batter of about 3" per 1', 
placed outslde;f ramed with mortise and tenon or 
pinned with 2 dowel pins per post (each about 3* if 
of wood, or from 1" to 2" if of iron), or drift bolt- 
ed, to the oap and to the sill. The tenon should 
be from 1/4 to 1/3 the width of the tiaber.and the 
pin hole should be bored so as to draw the cap or 
sill about \/8", A tL-amage hols sliouid be bored 
in the uortise in the sill;whilo the dowal pins if 
used, should be driven w: th paint to provent the . 
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trar-oe of water, DrUt bolts ar«* cheap and rapid 
in oonatruotlon^but troublesoioa in partial reneivals, 
as it is difflouit to draw them. The tent plates 
ol PI. XV., though not in oommin use, would seem to 
be oheap in oonstructlon^and convenient in renewals, 
vvblle not tending to hasten deoay at the Joints as 
uuoh as the previous laetihDds. 

The sills rest on iiia90nry;on pile3;on tnud silla 
from 4' to 9' long^tedded orosswiae in earth;or , 

irequently on tha earth in a treuoh a loot or so 
det^p: the methods are oldoed in order of exoellenos. 

Split sills and o^ips of the saiue total section, 
notoUed Into the posts about 2" and bolted, are 
thought by many to give equal bearing surface, 
strength and durability, while they allow any decay- 
ed pleoe to be taken out and replaced with much 
less dlff Joulty. Solid sills may be better If ratt- 
ing directly on tha ground, or on mud sills. Mor« 
or less longitudinal bracing with places about t* " 
12" is usually added, unless there are but few bants. 
Lateral bracing is supplied by 3" plank s,pik9d or 
bolted to the posts;the Inclined posts (batt«r 
posts) also furnish lateral stability. 

Corbels are frequently used between the cap and 
stringer, the claim being that Ui'?^; shorten the span 
of the stringer ty about their lul'l Ungth and give 
more end bearing wJil.oh prevents ths stringer from 
crushing. The OQunter,, being that they merely act 
as levers to tilt up the adjacent stringer, and thus 
disturb the stringer system, wJiile they retain mois- 
ture at the stringer ends and thus hasten decay. 

The stringers are from 13" to 18" deep, with 1,2, or 
3, grouped under each rail, and with or without outer 
or .l act stringers. Wnt-n several are placed side by 
side, they should bv.' e^jj."'^--^'""^ ^y P--l^ir-6 l^looks or 
cagf. wasners frc;^ 1" lo S" to pi-tiv-nt the aocu',ni:la- 
tion 0*: nolsture. 4,a'u~.:t 3/4" bolts, at each Joint, 
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are paased horizontally throt:.^h stringers tind wash- 
•rs to hold the pieces together. When possible, 
aaoh stringer should have a length equal to tvrloc 
the distance between the bents, so that they oan be 
arranged in 2's to break Joints, one being continu- 
ous and tlw other breaking at each cap, SonfttlBes 
2 stringer bolts are placed at the oent»rt of th« 
spans . 

The metViods of fastening the stringers to tb« oapi 
vary considerably. On souit) roads, the wooden paoc- 
ing blocks between the stringers are notohed onto 
the cap without other direct fastening, for oonven- 
lence of alignment of the floor, in case the founda- 
tions settle unequally. On others, the oe^ Is noteh- 
ed for the stringer or packing blooic,or angle Irons 
or heavy blocks of wood are spiked to the cap on 
each si'lz zt the stringer. Drift bolts are also 
used, and bolts with nuts;thd latter being more oon- 
V9nlent for repairs and renew>ils. 

Jack stringers are usually necessary with long 
ties. to support the floor in case of derailment. 

They are placed under the g\jard timbers. They are 
in the way in renewing the iracic sthingers and are 
not always In favor with the road department. 

The flcor system is usually the poorest part of 
the structure. The hard wooci ties should be not 
over 6" apart In the olear;and they should be held 
In place by notching tlie guard timber about 1" for 
each tie, to prevent bunching when struct by a de- 
railed vrtieel. The length snould not b» leas than 
11' to 12'. The guard tliaber should be bolted to a- 
bout every third ti9;an an^'le Iron spiked to the 
Inner ed^-e will reduce ths .:t;nger of mounting by a 
derailed whssl. A I'licor sy.rL.-irii can thus be inade 
whloh will oarry derdlled whe;el3 over safely. If 
they oan be bi-ought onto tiie floor Inside the ^^ 
i;uard ral U, ^^| 
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Some form of reralling device at each e;il ot -svary 
trestle and bridge floor Is oonsidered an «L=3^ailal 
by many engineers, although It is very often oaiil- 
teds the Latimer device of PI. XVIII. la strongly 
reooinmended by the Eng'rg.New3. 

42. TRESTLE PUNS. -E. A. Hill (Engrg.News.Qot . 52, 
'87) gives the following dimensions tor a one ato* 
ry pile trestle, suitable for a wstern road of ordl 
nary traffloj 

Bents of 4 piles eaoh. Piles « or > 8" al small 
end;drlven to 2" penetration under a 2000# hamuer 
falling 20', or an equivalent; tops sawed off squar*. 
14" X 14" y 14' oaps, fastened by 1 1/4" drift bolls 
driven 8" Into the pile, one to eaoh pile. 2 sway 
braoes 3" x 12" bolted to the oap and to eaoh pil«, 
^ents spaoed 15',o,to o. 6 stringers, 6" x 16* x 
30',spaoed by iron spools or blooks. Eaoh sal of 
stringers secured to oap by 1 1/4" drift bolt, or ty 
wooden blocks. Stringer bolts 5/4"»with oast wasli* 
ers 3" In diameter. Ties 7" x 8" x 9', 12" canter*, 
boxed 1" on stringers (C.J, Jameson, R,R.& Engrg. 
Jour,,Jan. 'QO.raoooiffiends 8" x 12" x 12', ties^spao* 
ed 6" clear), '3uard timber 7" x 8", boxed 1" on 
ties, and bolted to every third tie with lag sor«w» 
at intermediate ti^as. Iron guard rail and Latiio#r 
rerailing device as on PI. XVIII. 

PI. XIII .needs no special explanation. The posts 
are probably about 13" x 13". 

Pl.XIV.shov?s a cluster bent trestle built In tha 
winter of 1879-SO. Nortliern pine was used for all 
Mtcept cross ties and bottom sills whioh were of 
Wilte oak. Examination alter 8 years service shorn 
them to be in good oondition, with no signs of daoay 
except witli the oak mcuibers. Thep'iles,of whito oa' 
were cut oft about 20" above ground. The sills mr 
Ut bolted to the piles with 22", 3/4D bolts dxt^ 
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en Into 3/4"a holes. The pieces resting on the ^^ 
3III3 were drift 'bolted to them. 

The posts are in 2-3tory lengths (20' for the ver- 
ilQr-.l ones) except half at the top and at the bot- 
tom which a;'.j in 1-story lengtiis.so as to break 
Joints, li the height Is not a multiple of 10, the 
O'i'i length is placed in the bottom story. The bat- 
ter is 3" per 1'. 3/4" bolts with oast washers 
were used throughout. 3 ,8" x 16" x 16' stringers 
would now be prefeTred^and cast spools In place of 
the 2 1/2" X 16" X 2' packing blocks at the center 
ot the stringer.. This would reduae thefiber stress 
to < 1200» per a" Tor a consolidation engine, allow- 
ing for impac i. The ties ware 7" x 9* x 16', oak, 
spaced 9" clear, with substantial guard rail, and 
2 outside strips 4^" x 

Each bent was erected, piece by piece, with a booi 
projecting out from the last one already in plaoe* 
as it was believed that better workmanship could 
thus be sBouced than by the ordinary inothod of put- 
ting the bent toother on the ground, and then hoist- 
ing to position. 

The main advantages claimed are: the use of small- 
er timbers, thereby as a rule getting better season- 
ed material and of better sizes for inspect ion; the 
renewal of parts without Interfering with the run- 
ning of triins;the absence of mortioe3;thG framing 
consisting principally of cutting the pieces to ex- 
act length by pattern. J .A.Haulon,Res .Engr . In ^_ 
Engr g . News , De t: . 51 , 1B87 . ^^ 

Diaronal longitudinal braoing should be added.un- 
less the trestle is so short and so well anchored 
at the ends that the floor stringers aud other 
longitudinal meuibeis aa.it be depended upon to take 
care ot the longitudinal forces, 

PI. XV. -The trestle was designed by Andrew Bryson, 
^^d was built at McNalrs In 1B82. The chief advai 
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nges are a saving oi" labor on the ground In tenons, 
reo,,and the avoidance of all outs In the iluiber^J 
n hold water. ^H 

PI. XVI .-At Petaluma Creek, on San Flranolsoo bay^^H 
Ebe great depth and tenaolous quality of the mud,^^ 
tadually hardening wUh the depth, made any or the 
Hpdinary iorihs of pier oonstruotlon dltl'louU and 
lostly. In tills special design, eaoh oT the 4 olus- 
ars of the oenter pier contains 19 pi lea, eaoh froai 
b' 10 120' long. The case Is of 3/8" toller Iroo. 
W in dlaui.at the bottou,and 7' 6" at the top. li 
ka drawn down over the piles with a pull of 120 
■lis,extir :od by anchoring to the cluster of piles, 
1 is evidently filled with oonorete above the pUas 
trestles of the for:u shown Iiave been built to a 
light of 130', and have given good servloe. 
|ls.XVII.,XIX.,XX.-T.'i9 loads used in computing 
■e stresses were: Th<? Erie Consolidation with 
■000* on a wheel bas^ of 14' 9", and the C.B.St N. 
uss B engine with 11^009 on three pairs of whaela^ 
■' 6" base;givlng 1453* and 1194* per d" respaol- 
liily on stringers. The Erie engine is not used 
Igular y. 

Rll tiiuber except ties, should be of soft plne,fr99 
lorn shakes, wanes, black or unsound knots, and deoiiy, 
les of white oak, 8" ^ S" x 10', surfaced on 1 side 
i exactly 7 3/4". Piles of good sound white oak, 
|9e froti bark,dlaai.= 10" at small end,= 14" ( 
prge end. Piles to be driven, If requi red, until 
■ay will not settle aore than 1" under a 2000* 
umier falling 20'. 

Rhe floor Is designed on ihe si^iposltion that a 
fctimer,or other, reraliing device will be used 
irailments usually occur before reaching the 
ridge; for this reason no Inside guard rails ara 
pad, the outer guapl rail being sufflolenC to 
bide a derailed truck safely across the bridge 
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In this way long ties and side st-rlngers ara dcp» .W 
away with. ifl 

Single langth places are usad for str ingers.tia ^i 
shown on PI. XX, and continuity is esta"blished by th» 
packing tlooks. The "ohucjc tlQCks" on top of the 
Gaps prevent lateral motion, yet allow of Jacking 
the floor system over for alignment. 

Regular mill sizes and lengths have been used as 
much as possible, and everytliing over i car length 
avoided when possible. The "bank slope longitudi- 
nals" will ganerallybe ooverdl with earth; ttiey 
are only needed for a year or so until the banks 
stop settling. 

Fig.l shows the fastening to the middle sill of 
the lower and middle longitudinals, when the latter 
do not extend across the bridge. Fig. 2 shows the 
oonneotions of diagonal braces and aiddle lii";;;ltu 
dinals at foot of pluab posts on middle sill. Fig. 
3 shows same as Fig 2 witliou: longitudinals. Fig 4 
sliows tha last panel of lower longitudinals. ThesA 
have tour pieces. Fig. 5 shows method when 1 pll« 
bent Is used. The attacluobnt of diagonal braces 
to caps is shown in Fig. 6. For this there Is re- 
quired ! 1 brace block 2" x 4" ^ 18", 6 40-d splkas, 
2° boat spikes 1/2" >* 10". Before the block is put 
in place, 3 40-d spikes must be driven through llje 
block and Into the brace from the back. In spans 
>lfi' ties must be spaced 14" centers. They must ba 
so spaced that the guard rail bolts will miss tha 
caps;otherwise,bolt through 2nd instead of 3rd tie. 
At each splice 2 3/8" ^ 10" >oat spikes are used. 
First guard rail bolt to be within 18" of end of '.- 
span, and all nuts of guard rail to be flush, by 
boring 2" hole 6/8" deep. Guard rail bolts 3/4" 
29 3/4", with 4" of thread;?." « 1/16" washer un^ 
dar nut, and ogee washer under each head. 
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The diagonal bracing tiegin9 at 1st Vent and extend* 
across bridge In triangular system as shown. Gen- 
erally there are 4 lines of middle longitudinal 
braces, and of lower longitudinal braces, extending 
1 span beyond toot of slope. Plie remaining spans 
have- 2 lines. 

For pile bents, with banks 12'. or more high, no di- 
agonal braoes need be used If there are lets tcian 
10 spans unlebs there is danger of the bank slip- 
ping, when they will be used in 2nd and 3rd spans 
from ends. With 10 or more spans, diagonals will be 
put in the 2nd and 3rd from each end. In no case 
shaU there be more than 10 intermediate spans with 
out diagonals. Diagonal . systems must always start 
at caps, never at lower ends of piles. The threads 
of all bolts must be oheoked close to nut. Drift 
bolts I'c X 24";head large enough to draw bolt, 
Swuy braoe bolts l"o,with 4" of thread;allow 1" ex- 
tra length in making bill. Quard rail bolts as be- 
fore. If top of tie is > 16' and<.18' above ground, 
use 12" X 14" X 16' caps and plaoo outer piles 3* 
6" centers. Bent? 8' high or over to be sway brac- 
ed. Condensed from description by A.F.Robinson In 
Engrg. NEws .Apr.7, June 9, '88. 

PI. XXI. Is a trestle 662'. longigreatest height 65'; 
spans 16'; posts ol peeled round timber ,eaoh being 
of one solid piece. The foundation (mud) sills are 
ha^ to a face 14" wide and laid on a grillage of 
plank 4" thick and 4' wide, resting on hard gravel- 
ly Eoi 1, previously leveled to receive the plank, ^M 
£.11 sway braces are of sawn timbers in size sult^^| 
to position and duty. "^H 

Contract price; round timber per iln.f t.,construcl- 
ed,9(J;sawed timber per M.B.M. , constructed, J23; iron 
per lb.6C to 7ff. Total cost of bridge, including 
foundation excavation, $3. 63 per ft. R.A.Habersham, 
Engr . . Engrg . Ne ws , J une 9,88. 
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?Ii3.XXiIo,.XX!Ii ,,XXIV.,sliov> detctils somewhat dif- 
ier^^nt from those in cc:iiCi::rA u-^^ . They are giving 
good servicoc iron is now usually preier.;ed I'or 
suoh heights. The lateral bracing is good; the lon- 
gitudinal is well arranged/out the £•'' x i?/' and 4" 
'X 12" "braoeis seem rather light i'or suoii g*^-:^ai 
lengths.- they will act mainly by tanslcuc it is 
believed that split 5^11 Is would be t.s strong as th^ 
solid ones, while they would allo'7 of rf;:iovrals more 
readily- • 

Tiie advisability ci' using 2^' panels viith the 
straining beam 3tyltr oT support To: t/ib s*.ringers 
instead of shorter panois v/ithout it^will b-s ques- 
tioned. Less material is U3ed;but. the IWcor seems 
unduly light, and the ties are shorter and spaced 
farther apart than is consirlered g.ood praotioe. 
Wit.hDUt guardrails and re-railing guards at each 
end, the floor should not be reg arded as safe, Th^' 
solid masonry footings are an excellent feature, 
Thi^l is believed to be simpler and cheaper than the 
cluster bent of PI. XIV,, but ihere are many reasons 
v/hy either might be preferred. 

Pl.XXV, shows a pile trestle with sway bracing un- 
der the floor, 

PltXXVI .shows the dimensions used on an eastern 
road of heavy traffic. 

See The Use of Wood in R,R. Structures, R.R.& Eng.- 
J our ., Dec. '89, Jan. , Feb., '90. 

43. WOODEN CULVE.RTS, CATTLE PASSES, ETC. -Th^e intro- 
duction of v/ooden box culverts, and of pipe culverts, 
has very much diminished the use of the pile or 
frame bent open culvert. There is less danger froia 
fire with tiie box culvert, and the continuity at th€r 
road-bed is unbroken; an advantage in track n>alnVe- 
nance, or in case of de-rai Indent . When used^the 
bents correspond to trestle bents; plank beh^iad 
them retain the bank;while the st lingers ari mrtatv- 



C.IV.544. (1Q).?.7.) PILING. 49 

ed onto the oaps to prevent the earth thrust from 
forcing the bents together. Framed bents not sup- 
ported on piles may also require bracing apart at 
the bottom. If the structure is to be replaced by 
a permanent one, room should be left so that it can 
be constructed between the bents if possible. 
If tiea-d room will allow, it is usually weM to make 
the cattle pass wide enough for a farm crossing, if 
a grade crossing can thereby be avoided. 12', clear, 
is about a mimimum for height and .width; 14'. being 
preferable. 

PI. .shows 2 pile culverts on different roads. . 

44. PILING. -When only a few piles are to be driv- 
en at a given point, the ordinary machine, In which 
the hammer, monkey or ram, weighing some ttOOO* is 
drawn up by team and allowed to drop some 16' to 
40' onto the pile, is most convenient. As the a- 
mount of work, in proportion to the cost of trans- 
pbr tat I on, increases, the team can be replaced by 
a steam engine having a drum with which to draw up 
the weight. The greater rapidity with which blows 
can then b© given (6 to 14 per minute with nipper, 
20 to 30 with friction clutch) allow of reducing 
the fall, thus lessen^\ he danger of bruising the 
head of the pile. The steam hammer pile driver in 

which the weight is lifted by direct steam pres- 
sure, is also eoonimical where transportation is not 
-a large percentage of the cost. The drop is about 
3'; weight of hammer 3600^;blows per minute 60 
to 80. THE greater rapidity of th-^ klows makes up 
in part for the diminished rall;d pile driving eas- 
ier if kept in motion than after an interval of 
rest. 

Cost of drop hammer driver about $80 as compared • 
with $800 for the steam hammer driver^ the amount 
in each case only including the driver proper. 

Piles not continuously ui\d^T \«a\,^T ,%>\^NiV^ "^^ .'^'^ 
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white oak,3i5!|.hern pine, or other durable wood, which 
i3 bard enough to stand the required amount of 
, tirlving. Those l:i ^undation^ where they will al- 
ways be under water, can be oi hemlock, spruce, elin, 
(or other cheap wood. 
The supporting power of a pile (Weishaoh and San- 
ders approximate rormula),as given by Prol. Church 
f Me oh. of Eng.,S13e) is, ^ 

-R - t -^ (19) V 

or more accurately, but still neglecting the compres- 
sltUlty of the pile (Weisbach i Mason), 

R = '-fa%-p)s '20) ^ 

wh&re Q = weight of ram in lbs.;h = free fall in 
ieQt;s = distance which the pile sinks under the 
Itist blow, In feet, if the heal is not "broomed" (a 
^roomed head rtuuces the sinking very materially); 
P = Wt.of pile, in IbstTf^^^factor of safety, ' 1/3 
^_o i/f. for temporary or light work, = l/^ to 1/10 
^ or heavy work, especial ly when piles are held by 
°lay,or subjected to vibrations. R must never ax- 
*^®ed the safe crushing resistance of the material 
°t the pile. 

Tile above is for piles resisting by friction at 
^*^« sides and point. If the pile pass'ss through 
^"^It material and is supported by the point resting 
*^*x hard material, or if the top projects above the 
^^rface,th8 fr«a portion should be examined as a 
•^oiuinn. 

£ .A. HIU, Railway Tres lles .Engrg.News.Oct .R 'P7, 

^^ates his practice to be to drive to a 2" pei.-tra- 

^lon with a 200Qtt hammer falling 20'. Robmso'^p. 

^&, gives 1" penetration under the same b'cw as the 

^imlt which may be required. A 1" penetration was 

^^aquired on pile trestle, and draw bridge foundation 

Httork,at St. Louis river In 1884 by the Northern Fa- 
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oifio. 

This would give 119) a supporting power, for pile 



xTOff 
or by (20), If the pile weighs 500#, 

R « 2000 X 2000 X 20 ,^^^^ 

^ ^l'o(T6oo""TT6or:o8 • 40000^ 

The distance between piles is usually limited to 
2,1/2' centers, on account of the danger of forcing 
up those already driven;the ordinary distance is 3', 
while for light work it may be 4^' to 6'. See Bear- 
ing Piles , by Rudol|!hHerring,Engrg.News.Pub.Co,20^. 

46. COST OF PILING. -Baker, Mas onr y Construct ion. gives 
for the cost of piles: at Chicago and on the Missis- 
sippi above St .Louis, lOii to 15^ per lineal foot, ac- 
cording to length and location, lor pine piles;8flf 
to 10(? for soft wood piles and rook oak, in almost 
any locality; 10<r to 12(r,for oak 20'. to 30'. long; 12^ 
to 14iJ,for 30' to 40' lengths, 20(J to 30<?,for 40' to 
60' lengths. 

The contract price on the Bo.Pac.R«/data furnished 
by W.Beahan, Locating Engr.) about 1888, for hauling 
and driving piles on new work was 30^ per lineal 
foot. The piles cost 7^,F.o.b,cars,and the freight 
was estimated at 6(£,maiCing a total of 43C. 
At Nebraska City in 1888 (data furnished by E.Dur- 
'aa,C.E,,ttnd A.J.Himes,C.E.,) , the cost of recelv- 
ng and driving the cotton wood piles for 1000'. of 
iramed bent trestle, 4 piles for bent, bents 20' a^ 
part, was (i.7(t per lineal ft, in leads,, or about 9,7^ 
under the caps; while that of receiving and driving 
the oak piles for 2000'. of the same kind of trestle, 
in fine sand with friction clutch engine, was 12.6^ 
in leads, or about 13.1^ under caps. 
The contract price for the N.P.St Louis bridge in 
1884,piles delivered and driven complete, was 20(t 
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per lineal foot for the part left in the work, and 
13^ for the ends sawed off after driving. 

Baker ^among other values, give s^he cost to the 
oontraotor for driving on the A,T,& S»F,R,ft.in 
1887, ahead of the traok with drop hamuier and horse 
power at 10,4^ per foot, or $2.53 per pile of 24*R'. 
average length, driven 13'. Cost of labor ;f or eujan 
at $4,6 men at $2,2 teams at $3.50; total $23 per 
day : about 10 per oent higher than in 1886 or 1888. 

46. WOODEN R-R- BRIDGES. -On the Mo.Pao.R.R. in 1889, 
Howe Trusses for 3000^ per foot train load, and 80 
ton engines, oost, exclusive of false-works, erected, 
$12 per lineal foot for spans of 60' out to out 
13 75 

14^50 90 

with bridge lumber at Sll per M,f,o.b.,on cars; 
freight assumed at $2; contract price for hauling, 
framing and erecting on new work ahead of traok 
$17.50; total $30.50 per M. Wrought iron in finish- 
ed pieces about 5$ per pound; oast iron about 3$ 
(W.Behan,C.E.) . ^^^^^^ 

Howe truss bridges on the Canadian Pacific Ry.J4t. 
Div., built in 1884-5 (from noteB furnished by Thos. 
K.Thomson,C.E.) . They nearly all have the follow- 
ing floor: guard rails 8" x 8";si2ed to 6 1/2'' on 
ties;placed 10' 6" apart in the olear;bolted througti 
tieand outside stringer by 3/4" bolt (3/4" x 3 1/2'' 
past washers) every 4th tie (5' 4" apart) • Ties 
S'' X 8*' X 12', 16" oenters;si2ed to 7 1/2" at strin- 
gers on some bridges. 6 lines of stringers * ax 
10", 2 under each rail, breaking Joints, packed 3" a- 
part, packing bolts 3/4" about 6' apart, others un- 
der guard rail. 4,3/4" bolts per panel through 
one of stringers and floor beam. Floor beams from 
6" X 15'' to 9" X 15", 4 to 5 per pane 1,2 per panel 
at each end, bolted through qprd by 5/4" bolts. 

All through bridges are 15' wide in clear (ex- 
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oept those on sharp curves) ^and, where top lateral 
bracing is used^about 21' from top of rail to bot- 
tom of braces. The d ead load used for oomputation 
was generally taken 1/10 greater than that given 
by Trautwlne's formula: 

Wt.per ft. in long tons « ?^i. 5ai.?|^|I^pn-lll) 

which only includes the trusses and the lateral 
bracing; to which was added 4009 to 600^ per foot 
for the f loor^rails^eto. The live load was gener* 
ally assumed to be«2 panels of engines^ 4000^ to 
52009 per foot (all passing up 2 sets of verticals), 
and froci 24009 to 3600^ per foot of train, depending 
upon length of span^etc. 

Unljt stresses ; wrought iron, tension, not over 100009; 
wood, tens ion 8009 to 9009, compress ion by C.Shaler 

Smith's formula 

for breaking,with a factor of *=> to 8;bendlng 8009 
to 9009 on extreme fibers. 

The keys, post b looks, paoking blocks, clamps and 
brace blocks were of iriiite oak. The 147^ spans 
have iron clamps and packing blocks for the lower 
chord. All spans of 60' and over, except the 60' 
through, have iron angle blocks for both vertical 
and lateral bracing. There is the same number of 
panels in the lateral ,as in the vertical, trusses. 
Abutment panels 3' to 6';pier panels 2' to 7'. In 
computing stresses, height is from etc c.of chords^ 
and span, from face to face of end posts. All ver- 
tical and lateral rods have ends upset for screw 
threads. The quantity of timber given is from ac- 
tual bills; the iron is j[ rem bills, manufacturer's 
weights, and oaloulailon. 

30^; deok ;8^ x 12" ties, 16" centers. 

Timber, B.M. 7373 iron, lbs. 1359 
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40' ; t hroug h; (oak anjf le b-looks) t 

Timber, P.M. 14220 Iron, lbs, 2766 
50' X l3':<ieokj64'. ever all;wldth 12' out to out; 
floor beams 6* x 15", 4 per panel, 6 panel8;ohor!l 
bolts 6/8": 

Timber Iron 

Trusses and braoes 8439 Wrt.,rods and nuts 2597 

Floor 8619 plates 769 

White oak AlA small bolts 708 

Total, B.M. 17472 Cast, braoe blocks 1966 

washers 500, 

Total, lbs, 6520 

60.'. 25 11' ; thxo_ugh: 

T'imber,B.M. 19326 Iron, Its. 4046 

68' X 12':deok:74' over all; width 10' clear; floor 
"beams 6" x 15", 5 per pane] ; pane Is 8' 6" long: 
Timber Iron 

Trusses and iDrace:.*^ 14063 Wrt.,rods and nuts 39??0 
Floor 12290 plates 1330 

V^TiUe oak 734 small bolts 1267 

Total, B,M, 27087 Cast,lDloolcs 2826 

washers 1010 

Total; lbs. 10363 
85' Ji 13' : through; 

Timber, B.M. 41113 Iron, lbs. 14795 

l^';deok: 

Timber, B.M. 45514 Iron, lbs. 21292 

105' ; through: 

Timber, b\M. 53590 Iron lbs. 36465 

147'. X 25'.; throug h; 155'. over all;width 15'. clear; 
f loorbeams" 8'' x IS'', 5 per panel;14 panels, 10' 6": 

Timber Iron 

Trusses and braoes 54010 Wrt.,rods and nuts 30331 
Floor 31518 plates 5254 

White oak 1224 olamp straps 2080 

Total^ 86852 small bolts 2803 

Cast, brace blocks 21368 
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The quantities per foot In each oase can be round 
;ty dividing the total lumber and total iron by the 
span; if these are plotted on a sheet of oross-seo. 
tlon paper with span for abscissa and quantity tor 
ordinate, curves Joining corresponding points will 
give very closely the quantity of lomber per 
foot, and of Iron, required for Intermediate spans, 
from which estimates can be readily made. A brea 
would occur at 50' span, owing to the change from 
oak to iron angle bloods. 

47. OVER-HEAD WOODEN HIOHWAY BRIDaES.-PlaVXVIII, 
XXIX, XXX, XXXi, snow the standards used by the A.T J 
S.F.R.R. The mud sills should be replaced by ma-l 
sonry, where stone are plenty and the foundatlicn 
gicod. In the East proba'bily the 7" x 16" * 32', 
flrcor ]}olsts would be replaoed by trusses and 
lighter Joists, The double floor, though often ua 
increases decay, unless preserved lumber is uaaA. 

4a. COST OF TIMBER WORK. -The oost of timber wiUJ 
vary with market quotations, or perhaps be the dl«'l 
reot cost of cutting and sawing. The cost of tra 
portation is reaiily determined. In estimating 
cartage, 30 miles Is about a iiiaxlmu:i! average lav'; 
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work for a tea&A, the dtstanoe lessening )9itn bad 
roads^or with an increase ot the percentage tisie 
required for loading and unloading. 

A rough rule ^sometime 3 used by oarpenters^is 
to estimate that the oost of handlings framing, and 
erect ingf will be the same as that of, the timber 
delivered. 

The oost of framingj^eto.for the 186S83'. B.M.of 
oottonwood (bents of round timber) used in the 
1000'. trestle of p.61,was: ^^, ^^ 

Receiving timber $91.94 Capping piles §61.73 

Hauling " 163.39 Erecting trestle 1174.82 

Fr am i ng 415.71 Wat ohman , e t o . 174.17 

671.24 Total 2081.96 

$2081.96 ^ 186.583 = $11.16 per M. The average 
haul was 600'. The oost for the 2000' pine and 
Oregon fir trestle, for the same items as above; 
sawed timber; average haul 1000' ;was 638187' B.M.at 
$4938.42 ,or $7.74 per M. 

The contract price on the Mo.Pac.ln 1889, for 
bridge timber is given on p. 52. For trestle decks, 
the price for framing and erecting on new work a- 
head of track was $15. 

E.A.Hlll,po,per before Ill.So.Engrs., Engrg . New s, 
Oct. 22, *87, states In substance as follows: When es* 
tlmates of oost are made for the trestles of an en- 
tire line, they are .o^ten averagtJd at S30 per M.ft. 
B.M.of tlmb>tr,bu,t above certain sizes tlmbjer In- 
creases so rapidly In |>rlce that In Individual 
structures detailed plans and estimates are neces- 
sary. Ordinary low pile trestles will cost not 
far from $4 per lineal foot, the price varying with 
the plan and with the price of material. An aver, 
age of 3 1-story sill trestles of moderate heights 
gives 78' of timber, 3* of bolts and 2 l/4» of oast 
washers per lineal ft. of trestle ;or about 39# of 
bolts and^tiuts,and 28« of washers per M.ft.of tim- 
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ter. Again, a couple or 2-story sill trestl^^ of 
entirely different design ,32' and 34'. highland 

20'. and 26'. span,respectlvely,at $30 per K,oost 

about $6 per lineal ft,;wlth about 40^ of bolts 
and 30^ of^ Odst washers per X ft.of timber. The 
labor on * ^"^ will prabably range froa S7 to 
$14 per M. Piling on heavy ocntraots may be ordi- 
narily estimated at 25(2 per Ft .for piles driven in 
position, allowing about 12' for the portion in the 
ground in clayey soil in Indiana and ab^t 18' on 
prairie. 3olts oo> about 3(f and oast washers 2t 
per lb. 

yellow and white pine are the rule for stringers, 
oax being considerei treaotierous as subject to in- 
ternal cieoay. 

49. IRON BRIDGES ANI;- TRESTLES. -These are usually 
designed and built undar general specifications 

furnished by the rillroad engineer, but not ty him. 
He is thus chiefly concerned with the cost, strength, 
safetv and durabilitv and with the reuuired UAason- 
ry. Bridge iron, or steel, as it leaves the shop 
ready for ereotion,v/i 11 cost trom 3/4(f to 2 l^C^ 

per lb .more than the saiue material at the rolling 
mil J, depending on the kind of work and the state 

ox; the Uiarket. To this must be added the freight 
and cartage to the bridge site and the cost of e* 
rection and painting: the cost of erection will a*-- 
erage from l/2<t to l^ per lb. for plate girders and 
pin connected bridges, and painting about one-tenth 
as much. This makes a total of S l/2<^ to 7(? per 
lb. The price on the Mo.Pac.in 1889, as given by 
W.3eahan,C.^.^was $100 per long ton, erected. 

The weight of iron per foot can be found from PI. 
XXXII. The floor system and masonry can be added. 

The weight of trestles, in terms of height, is also 
given on PI. XXXII, but only for an average live load. 
The ordinary spans are SO' and ^0' ^V\.^t\v^\.\\-^x 
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without much regard to height, the two bents under 
the 30' span teing braoed together to form a tower. 
The trusses are placed troo 6' 6" to 8' or 9V a- 
part;the posts are in vertical planes and batter 
about 2" per foot as seen in pross section, A 
pier is usually placed under'^^post^it being some 
4' or 5' D at the top^and large enough at the 
base to reduce the pressure to some 2 tons per u\ 
on firm, earth; while an abutment is placed at each 
end. 

,The piers for the Brookton trestle on the E. 
C.i N.Ry., built in 1888, were 9' x 9' on the foun- 
daticnjresting on 2' of concrete vrtiere the earth 
was firm, and on 9 piles covered with 10" of timber, 
where the bottom was soft and under water. 2, 
1 1/4" anchor bolts v/ere built in from the bottom, 
and extended up through the shoa plates of the . 
p')sts;nuts screwed on from above rendering the 
whole weight of the luasonry available for anchor- 
age against overturning. The cap or coping stone 
was about 4' x 4' x 10'\ The contract price was 
$7.75 per cu. yd., which probably included the ax- 
cdvatlon;the actual cost was $10 on account of 
the trouble irom water. 

The weight of iron in highway bridges can be tak 
en from Pl.XXXIII The timber can be roughly con- 
verted into rt.B.M.by dividing the weight by 3 1/2; 
the oak plank weighing about 4 1/4* per ft.B.M., 
and the pine Joists about 2 1/2, if white, or 3 1/4 

if yellow. 

50. BRIDGE FLOORS. -Some of the requirments for a 
good trestle floor were given in^AI. In a through 
bridge, or one with the side trusses above the track 
the safety of the structure not only depenils upon 
keeping the train from going through the floor, 
but also from swinging to the side far enough to 
strike the truss. The Latimer guard of-Pl, XVIII, 
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^s heartily oonaoended by the Snjjjr^\Kews,anci by uiany 
^^llroad englftfarers as being one ot th9 best safe- 
tJ^eircls In use. The re- railing deviOt? proper oo*- 
slats aieraly oi' 4 inclined planes of oast iron, 2 
inside and 2 outside the uiain rails, and firmly bolt- 
ed together, as shown. The outside planes are flush 
*^lth the top of the rail for the rear half or third 
or their lengtii,and the wheel rides up thew on its 
flange; thus ihaicing the outside wheel of larger di- 
ajiieter for the mohient,so that it will tend of it- 
self to roll back upon the ;:rack. The inside 
plane positively insures this. It begins Just be- 
fore ttae crotch of the rails beooii*es so narrow 
t^at there is not rnom in it for the entire ihiok- 
^©ss of a de-railed wheel. It then has a very 
^uiok rise, so as to lift the wheel at once to a 
position where the tread can work over onto the 
^eLil,but after this has once been insured the wheel 
^s left to roll on its tread on the rail, so that 
^txQ inside plane is at no point within abaut 1 1/4" 
^ X* the top of the rail. In this way the wheels are 
!>xat baok on the track very jently and certainly, 
1*he flaring, guardrai Is are to catch the wheels 
.^rid bring them within the range of the central 
ffv^ard rails; while the hea\^^ posts are designed, in. 
^^S9 the car is uncontrolable,to break the coup- 
ling and defceot the oar from the bridge, thus insur- 
ing the safety of the bridge and of the front 
^nd or the train. 

The oost is estimated by the ^ • 

!?ew3 of Feb, 12, '87, as follows.. 

500^ oast Iron, re- railing blocks at 1.5 l^- $7.50 
ll72',B.M.in posts and guard rails beyond bridge 
315 B.M^in extra lengths of ties 

1487, or 1600' 3.M. at $30 46 

26 guard rail bolts, say 4 



' ' *■ m. ■*■ ^-i<» ■•«•*« K**'^^ 
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SO', of old rails, worth to Co. say 1 jtper lb. 6 
iabor,eto.,say 7,60 



Total for one end of bridge $70 
or,froifl $120 to $160 per bridge. 

Trestles are often placed on curves. On wooden 
ones there seer^s to be no fixed method of eleva- 
ting the outer rail; some times the top of the bent 
i^ out off at an angle so that :he oap will be in 
olined for the proper elevation;at other tlaies the 
oap is horizontal, and the inside strlngar notched, 
or th^ innvr cuds of th^ ties notoh-:?d down onto the 
the stringer. It would s^ea* as though th-^ fc: st 
method is to inolino .lie oaps,unl':' ss oorb'ils ar 
used under the stringers, when if preferred, it Ocin 
be provided for in the*r thickness. For Howe truss 
bridges, it can be allowed for In the thickness of 
the longitudinal stringers betvreen the ties and 
flicor beaius. For Irca work, the tops of th':r string- 
ers should usually be at diff-ront hel^rhts to al- 
low for the elevation without shims or un qual 
notching of the ties. 

61. CATTLE GUARDS. -PI. XXXIV is r-rcoHmi.rndsd by th- 
E ngrg .News as ajuong the b*ast of the pit form of 
guard. Masonry guards, unless uiade of heavy blocks 
of fine out stone, and protected above by a cushion 
of wood, shake apart in a short time. Purely slat 
guards are open to the objection of filling with 
snow, unless kept cleaned, and or presenting an ap- 
pear:*.t>ce of solidity which may not warn off cattle; 
hence the reason for the pit. If a pit is used, 
the safety of trains requires that ties be used a- 
bove it, and if ties are used, longitudinal slats are 
considered necessary to keep oaitle off, although 
often omitted; giving the form shown. 

PI. XXXV shows 2 forms of surface guards, one of 
wood and the other of Iron. HIV^^ x.l^'^ ^t'i.K'wikT^ x^^ 
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of surface or slat guard, It has btten round dlrfl- 
oult in some looaities to prevent people troia tear- 
ing; up the slats in order to make a convenient path 
for walking. In both the above, eaoh section is 
fastened together by bolts, and can be moved as a 
whole only by taking out the heavy lag screws by 
which it is held to the ties. This is readily done 
by the trackmeg for track repairs. The chamfering 
of the slats at the end is a detail which should 
never be omitted, as it avoids the possibility of 
oat;ohing a hanging brake chain. The iron guard was 
adopted as the standard by the New England Roadmas 
ter's Association in 1S89. It is wholly ^^ iron, 
and is simple in construction. About 2000 are now 
^^ use. Cost at works $25 a guard; width over * .ca\ 
10';length with rail 9';werght S76«^ to 600*. 
•in placing the iron guard, 2 10' ties are placed 
9'. 2'' out to oa'i,and boxed 1" under the rail, or the 
Intermediate ties shimmed down r',so ttiat the 
S^ard will only have end bearings. It will thus vl 
^i*ate should stock attempt to cross it; it will not 
P^ove thoroughly efficient with intermediate sup* 
ports. . The ballast is only allowed to come up 
orie-third the height of the tie so as to turn sheep 
^Hd hogs. The end posts of the wing fences are of 
^^gle iron set in the long ties. 

^1. XXXVI shows a foru which is much used, although 
^ngerous for de-railed trains. 

^2. TRACK LAYING. -This is usally begun at 

X^oints of a line accessible by rail or water, and 
^^rried on consecutively from them, so that the ma* 
^^rial can be transported to the distant portions 
^y rail over the line Itself. In order to prevent 
^he "iron'' or rails from being kinked by the supply 
^^ain which passes over the track before it is bal- 
^€i.ated,a gang of graders should keep ahead, and un- 
^^r the direction, of an engineer ,\iT\r.^4 x.^^ ^ ^::i-o.-\-\.^ 
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Carefully 10 ^raclH^lroiii ^-rada ?tci,;: sei 100' a- 
par l,allois-lri^ for elevatlor. oi outi'- r^ i i on ourvea 
T/i<s ties if ol uniform tnlcknes3,w2i.>:: evenly spao- 
ed.atout 16 per rail, will then foriu An even -.^upyort 
lor the rail, until Lhe traoA can t^. loalldstea. 

Latimer (Roal-Master_'3 Assistant) estimates that 
to lay an average oi 1/5 :ui le per Ijy.the ti«d "be- 
ing; distributed ahi?ad,and ilie iron '-ud oth^r liiat*'- 
i;al3 delivered by a oonstruoilon train up to the en 
ot tne track, will require a gang or SO rjen.wlth a 
loreii»an,an iron car with rollers diid a horse, Th.> 
number ot men and teams re<^uired to distribute the 
ties will vary so uuoh with the way they are deliv- 
ered that no fixed rule can be given. 

On a branoh of the Pan-Handle soue 150 miles lon^, 
tullt in 1888,F.E,?i3seU Chief Engr.,traolt Uyliij 
wa3 contraoted at 5300 per nille lor seleton track; 
no sur racing, and but enough baok :{illing to keep 
the ties I'roui bunching. The ties vere probably 
brouj^'ht up with the rails by the suwply train by 
the Co. 

The oothod of track laying on th-j Western Div.ol 
the Canadian Pac.Ry.ls thus desorlted (J.C.Jaaea, 
Engrg.N'ews,Nov. 15, '84) . "The construotlon trj^ln 
brou'ght^up tlie :iiaterlals trom the nearest slde- 
track;the trains were usually ot tldt cars, the ties 
oaiiie in loads ot 500 to a car, the rails were laid 
on the oars, 30 pairs to a car, on which were 5 boxes 
of spikes, weighing 112a each, 60 paira of fish - 
plates, and one box of bolts. The ties were loaded 
into carts and carted o'lt^ad on the dump, distributed 
spaced, and lined for a aonsideraVle distance ahead 
of the traok- layers. When the rull^were unloaded 
the train was backed up to the furtriest point and 
the rails thrown otr the cars In equal lots on eaoh 
9lde;the engine then went ahead, and a trollv ItAwix 
by iiorses ivas run up, on whioU \l- ^o.\Ta qX xa\\^» 
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pui. Wrien the trolly rcr.vciied li.e last laid rail a 
.pair or rdiils ;vas drcppc-l,gau^-6Cl,ar.d sne trolly run 
rorward. The .^-ang tollcised, li-klng or mo lish- 
plates, and was ir: turn sjooeedod by -.he spikor3;ih8 
i'irst gang spi^aed the ^n-iis and the center ^and the 
rest followed, spiking e^oh third tie till the whole 
rail was secured, While this was bein;? done th«.«? re- 
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maining bolts were put i- and the rish-plates 
tened secur^lj?^, 3y the 'Ame ihe last rail wai? ihrov.'a^ 
off the length was oo:npleted;a second trolly brought 
up another load, the first being thrown off th^ rails 
to let it pass. By this irrangeuent the men vv-ro 
never idle, and the work progressed rapidly," 

The track gang consisted of 260 !iien;the avera;^^ 
ijonthly progress was from 1 1/2 to 3 1/4 uule;] per 
day; on 4 different days, 4 miles were laid. . A gang 
of 150 surfaoers followed; the track v;as lifted and 
lined; the shoulders of the banks were taken off and 
the material used to taiiip under the ties, filling 
between the rails 2" above the tops of the ties. 
The surfaoers kept up with the track gang; the mater- 
ial shed viater well;and the rails Kept a good sur- 
face v/lth trains at 25 to 30 lailes x^er hour;no bai- 

m 

last being used. 

The cost of the rails, spikes, Joint fastenings,an<t 
ties can be found froia market quotations, with 
freight added. The weignt of rail will depenCi upon 
the expected traffic, varying from 50^ to 80^ per 
yard; that of spikes and Joint fastenings can be 
found In Trautwlne. Th- ties should be about 7" 
X 8'' X 8 1/2', and will cost, if of oak chestnut or 
yillow. pine, from Soif to o0(f apiece, the actual cost 
for getting out and hewing ready for haul- 
ing being according to Trautwlne from 3(t to 9(?. 

The auiount of ballast can be ooitiputed from S53>ai- 
lowing for the ties. Its cost delivered can b^. ccv^- 
puted rrow the cost of earthv^oiY. '^tv'>. ^^^^ ^\. *^'^"-- 
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lasting the track Vifill probably be souie twice as 
touch as to load and spread the same material, depend- 
ing on the depth filled. Clean gravel makes good 
ballast ;broken stone is considered ouch be iter « 
Trautwlne estimates that a man can break 3 to 4 on. 
yds, per day of hard quarried stone to cubes aver- 
aging 3" on the side. It should 0)e done by machin- 
ery considerably citeaper. 

53. ROAD-BED SECTION. -Pis. XXXVII , XXXVIII, XXXIX, 
show souie of the standard sections for biravel,niud, 
and broken '."Jtone. Great care should be taken to 
have the eart> under the ballast smsoth to prevent 
water from standing and soaking In, and to have good 
side ditches In all cuts to prevent water from 
reaching the road-bi^d from the sides. Qood drain- 
age Is essential for good track. Broken stone do 
not hold ties laterally as weJ 1 as gravel ;honce the 
reason for fi? Mng at the end of the tie: surfa.c* 
slope Is not essential, as v/ater flows through, not 
over. The ballast near the top and around the ties 
should be broken fine enough to pass through an 

1 1/2" ring, and be as uniform as possible. 
Kith double track, the central ditch Is drained a- 
o^oss one of the tracks by a trough shaped box plao- 
^^ between 2 ties, with the bottm^^ some 6" below the 
^les. Some of the Plates do not clearly bring out 
^he fact that width at sub-grade should be enough . 
Sreater in cuts to allow for the side ditches, or 
froa 4 to 8 more than In fills. 

54. ROAD CROSSINGS. -The most Important crossings 
^^ould be planked from outside to outside of ties, 
^Ith 3" to 4*' plank, leaving a gap of 2 1/2" Inside 
^he rail for wheel flanges. The ties can be fur - 
^^d up so that the plank will be flush with, the top 
^r the rail. For ordinary crossings a plank eaoh 
^tde the rail, with gravel ti:aU\g,^^ ^\\^>\v. c^-cv '^V^\*^ 
^i/ will answer. In winter, there V'^ '^xvf^^^ V^c*-^ v 
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30'. or old rails, worth to Co. say 1 jtper lb* 6 
labor, etc., saj' 7.50 

Total ror one ^nd or bridge $70 
or,froifl $120 to $160 per bridge. 

Trestles are often placed on ourves. On wooden 
ones there seeius to be no fixed method of eleva- 
ting the outer rail; some times the top of the bient 
i^ cut off at an angle so that :he oap will be in 
olinel for the proper elevation; at other tlaies the 
oap is horizontal, and the inside strlngar notohad, 
or thr innvr ends of th^ ties notched down onto the 
the stringer. It would s-»ea* as though th:j fc: st 
method is to incline .lie oaps,unl'JSs oorb'ils ar 
used under the stringers, when if preferred, it Ocin 
be provided for in theV thickness • For Howe truss 
bridges, it can be allowed for in the thickness of 
the longitudinal stringers betv;een the ties and 
flioor beaius. For Irca work, the tops of th*.-: string- 
ers should usually be at dirr-ront hel^rhts to al- 
low for the elevation without shims or un qual 
notching of the ties. 

61. CATTLE GUARDS. -PI. XXX IV Is r-rcoimiivrnded by th^ 
j^ Ugrg .News as among the b*ast of the pit form of 
ffUard. Masonry guards, unless made of heavy blocks 
^r line out stone, and protected above by a cushion 
^ JT wood, shake apart In a short time. Purely slat 
&Uards are open to the objection or rilling with 
^tiow, unless kept cleaned, and or presenting an ap- 
^<^(xri*,r\oe of solidity which may not warn off cattle; 
^^noe the reason for the pit. If a pit Is used, 
^^le safety of trains requires that ties be used a- 
'^ove It, and If ties are used, longitudinal slats ar^ 
Considered necessary to keep oaitle of r, although 
^rten omitted; giving the form shown. 

1^1. XXXV shows 2 forms of surface guards^Qxva c^l 
^ood and the other of Iron. HlV^tv \-\i'^ ^t'iK'wikT^ x^ 
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a maximum distance ror posts . 6 strands are prefe* 
red, with 4 for a mlniiuuui. A top board or plank Is 
soiuetimea allded to renrter the fence aio"re" visible 
for stock. 

Parsons gives the foMowing quantities: lor I mile 
— PQS^ and "board fence 4 boards high, with battens, 
posts 8' apart: 66'0 posts; 1320 boards, 6" x i" x 16' 
= 10660' BM;660 battena 6" x i" x 4' « 1320' 3 M; 
250iif nalls;Q6 day's labor. 

For 1 mile barbed wire fence, 5 wires high, posts 
IS' apart; 440 posts; 26400' wire, about, 440^ 

per strand = 2200^;75^ staples; 27 day's lab»r. 

Tiie gate of PI .XL requires 1 2/3 hours of carpen- 
ter work and 2 hours of blaoksmitn work; the materia 
CQtn be readily estimateci. Another is shown on PI. 

"1- '^ 

^®* Es^t^ijnates for One Mlje Xraok.-rhe following 
approximate average iz given by Trau twine; labor 
5X ,75 per day, 

<3rubblng and clearing, § acres at $50 S 150 

3r* adlng, 20000 cu, yds. of 'earth, at gSC 7000 

2000 rock, $1 2000 

'^^xsonry of culverts, drains, abuts, of small 

^XMdges, ret. walls etc.400 cu.yds.at $8 dverage3200 

3eillast;300C tu. yds. broken stone, at $1 3000 

'^ross-ties;2640,at gOe, delivered 1584 

f^eiils;60^ to a yard, 96 tons, at $30 delivered 2880 

Splices 150 

Hall- Joints 300 

^ub- delivery along the line 300 

Wylng track ^00 

Fencing; only 1/2 of length fenced 450 

Sitall wooden bridges, trestles, sidings, 

i:*oad-oros3lngs,cattle guards, etc. etc. 1000 

l^nd damages 1000 

^Engineering, superintendence, afficers of Co. 
stationary, Instruments, rents, law Qx^easetj^^tc.e?.?^ 

Total ^"^^^^ 

Add lor out tit for operat\oTi;«^\^o X^t \.>3Xcc.^\'Si ^ 



CHAPTER V i^c^ 

ESTIMATES AND RECORDS^^^^^cvics 
57. LOCATION ESTIMJITES.-Approxiuja:^"'^, tabula led, 
or plotted as curves, are a great aid in location; 
also in choosing the best structures for a road, 
or in properly designing them, VChen the difl'erenoe 
in cost for different details of alignment, or for 
different forms of construction, is known );^^ long step 
has been taken toward a wise selection. Readiness 
01 reference for this work is more important than 
minute accuracy. 
Chap, 2, with Searle's Table XXX will serve for tlie 
cost of excavation per station, for the assumed 
road-bed and side slopes for average earthj^nd for 
rockifor depths from 1' to say 40'/Dy single feet; 
with the cost for 1000' of haul. If there are many 
transverse s lopes > 10\ columns headed 16*,25*,35*, 
can be aided, giving the centers for those trans- 
verse slooes which would cost the same as the level 
centers already given. They can be found from Ly- 
on's Tables, sold by W.4 L.E.Gurley of Troy,N.Y. 
•Similarly, from the cost of masonry, pipe, and timber, 
the cost for the different culvert standards can be 
ba tabulated for depth of center fill. These costs 
will be increased by steep transverse slopes;but 
usually it is not good practice to follow the steep 
slope with the culvert, as higher supporting ground 
can often be found for the lower end by moving a 
sTnort distance along the line, thus diminishing the 
center fill;so that the center height will usually 
be safe for estimates. This will of course require 
ample protection from wash at the lower end, by pav- 
ing or otherwise. 

Similar Iv for bridge abutments. In using these an 
allowance will be necessary in the case of deep 

foundations. 

For wooden trestles the cost does not seem to be 
a very simple function of the height. Wellington's 
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^^thod is to estimate the floor system for one pan- 
^^,Ql 10' bent and the foudations (masonry, pi lessor 
^Ud sills) with the longitudinal braoing if any, 
^nd divide by the panel length for the cost per 
fsot for a trestle 10'. high. Next take a trestle 
20' high; the floor system and upper 10' of the bent 
'^i 11 be the same as before;estimate the inore?^sed 
00 St of the bent, the foundations, and longitudinal 
bracing, and divide by panel length for the cost per 
f'CX)t of 10' extra height. Estimate similarly for 
^^e increase from 20'^ to 30';etc, To use these 
<lUanti ties; draw a line on the profile 10' below 
grade, and multiply the length by the first cost per 
toot; draw a line 20' below grade, and multiply its 
length by the second price per fncot,v etc, ; then form 
total sum for total cost. In taking the length of 
each 10' strip^the tapering or triangular ends are 
mentally converted into equivalent rectangles 10' 
high and the reduced lengths added. 
To the cost of the iron work for iron trestles 
found from the weights on Pl.XXXII ,should be ad dee 
that of the ties and guard -systems, and the masonry 
expressed as so much per foot of length, PI, XXXI I 
is for Mogul engines and 1820^ per lineal foot of 
train ;Pegram's formula being 

Wt.per B't,= 330^ f 7 1/6 x average height 

from masonrv (23) 

For 2 Consolidation engines, Wellington gives 

(375 f 8 1/3 X aver .ht. from masonry]. , 
Wt.per ft, ^fggQ .^ Q 2/3 X " " '" ^ " /^'-^ 
the two values expressing an uncertainty within thos^ 
limits. The shipping weight of iron" can thus usual* 
ly be found within 5 tc 10 per cent, the greatest 
error occurring for large structures, which will . 
overrun, 'A'hile the ordinary spans are 30' and 60' 
alternately, Wellington claims that the weight will 
be affected but slightly b^ us'iTV'^ ^W 'a^^^.w^ ^\ l:>^' ^ 
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all .or 60' ,pr all ot 100'.;wnat Is -ained In the 
piers being lost in the trusses, or vice versa, E. 
g.,the total iron in the Kentucky River bridge is 
nearly the saiiie as would have been required lor 
spans or 30'.; the actual spans being 3 or 375' each, 

with 2 iron piers some 250'. high. 

In making up estiinates ror iron bridges rrom PI. 
XXXII, the rioor system must be added. The prices 
and quantities, S46, for wooden briages^ include the 
floor. More data on wooden R,R.bridges is being 
given by Jauieson in the R.R.& Engr g. Jour ., Mar ch 
1890, and seq. 

58- PRELIMINARY ESTIMTES.-' These are made after 
the preliminary survey; to determine the relative 
values or alternate lines;or to determine the ac-' 
tual cost of construction. The earthwork is usual-' 
ly computed direct ly - from center heights taken from 
the prof i le, using a table of "level cuttings" ( 
Searles' Table XXX) or Lvon^s Tables for transverse 
slopes > 10** , estimating equalizing lines so as us- 
ually to take he.tgihs 100^ apart ,£>0'. being about 
a minimum. Classification and haul require consid- 
eration in .^rouping quantities. When many miles 
are to be est imated.^rauhi c iiiethcis are sometimes 
use^i to reduce the labor. One of the most covamon 
is to ulot the table of level cuttings as a curve 
on tracing cloth, with center hei^;ht for or:linate 
and cu. yds .per sta. as abscissa. The cu. yds, per 
station for any center height can then be read di- 
rectly by sliding the tracing until the height be-' 
comes an ordinate and noting the correspondin,; ab- 
scissa. These quantities can be set down and ad-' 
ded as usual; or an opisometer can be run rrom the 
origin to the ordinate~^a*ch "time until the wheel 
is lull, when by running it backwards to zero over 
a scale havin;=; the same units as the abscissa, the 
total leriu/th covered will -nve tlr-:^ svi^o:v;i\S.V.\^\i^ "^-v^"^ 
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ratiguG of numerical addl tion. 

Most of the other e\5tii;iates can be uiade up froai 
the Location Estimatei^, allowing for local condition! 
and local prices, when known, if the result would be 
sensibly modified thereby. 

Estimates which are sufficiently large to cover 
the special difficulties and cent ijigenoies which 
will arise in executing; any large piece of work, yet 
are not so large as to be extravagant or random 
guesses, can only be made after considerable obser^' 
vat ion and experience. The natural tendency is to 
under estimate the cost and difficulties in design- 
ing work;yet some engineers always err in the oth- 
er direction. Either is objectionable, the latter 
If carried to extravagance, being . . nearly as muoh 
so as the former. 

In comparing alternates,quantities common to both 
need not be considered, 

f9. CAPITALIZED COST OF I^AINTAININQ A STRUCTURE. - 
In comparing the cost of a temporary structure wltli 

Xhat of d more permanent one, the best method is to 
compute the principal v/hich if placed at interest 

i^/ould build and perpetually maintain each struot- 

\ire, substantially as proposed by the late A.Welch. 

The one which requires the least principal will, 
if all the considerations can be put on a money 

l:;asis,be the most economical. 
Thus, if lor the first;C = first cost;M = cost of 

maintenance every nth year;R - cost of renev;a1., in- 
cluding all damage from delays to traf fie, oto. , ev- 
ery mth year;r = rate of interest;? - principal re- 
quired for perpetual maintenance, assuming the con- 
ditions to remain constant; we will have 

p = c f rrT-r'r'--i -^ jT-r?)---i <^s> 

since SI will amount to $(1 f rT in n years .at 
compouna interest, or will earn %{\ v tT - Y \^^ -^ 
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years. 
Similarly, if the corresponding quantities for the 

^econd structure are denoted by the senne letters 

primed, _ l^'.^^l ^R^^ 

P'. = C\ f (1 T"r')-^''- 1 ^"l > r')'^^--r ^26) 
This will show which is the more economical struc- 
ture, il\ as above stated, ail the considerations can 
be given money value; if they cannot it will still 
afford a valuable basis for Judgment, 

A high rate of interest reduces P for the tempera-' 
ry structure much more than for the perm.anent. one: 
Ihus for a structure vvhich will last 10 years, and 
for which R= S1000,the capitalized renewal, at b% 
= $1000 V .629 = S1590,at 102 = SIOOO - 1.592 = 
$628;giving .a difference of S962. For a structure 
which will last 100 years, the capitalised renewal 
per $1000, at 5% = SIOOO r 130.5 = Sft,at 102 = SIOOO 
^ 13779 = SI; giving a difference of only $7. Thus 
the temporary structure which iias the same capital- 
ized cost as a permanent one with interest at 10%, 
"becomes wholly inadmissible with int^:rest at 5,^, a ." 
fact already familiar in a general way. 

If a neater, rate of interest has to be paid for 
the first 4 or 5 years, as is the case with most 
new enterprises, it can be allowed for as below: 
Let r^ be the exces s in rate, for n^years (n^<r*) . * 
There will be (P - C) dollars to be placed at in-' 
terest,or on which interest will be saved, for n^ 
years. This will earn in excess of (2S\ 
(1 f r,'p/(P -• C) -' (P -' C) at the end of n^ years, the 
present worth of which 

= (P - C) — ^fT'fr- '^^ P ^^' ^-^^ 
will be lessened by this amount. ' 

If n, > n,the above present worth v;ill be a little 
too- great, on account of computing interest on M af- 
ter it lias b;€en expanded on maintGr.once . Tiie cox:- 
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reel ion is easily made if important. 

The l'ollov;ing may aid in finding K,n and lu; 
the life of a pine railroad tridge is estimated by 
the Ohio R.R, Commissioners to oe 10 years if uncov- 
ered and unpainted. Painting adds but little to 
durability if not done until the bridge has been in 
use tv/o or three years, EcA,Hill,in the article on 
V/ooden Trestles" already referrea to.est imates the 
yearly cost of maintenance of a pine or oak trestle 
at 1/7 the first cost of construction (Engrg.News, 
Oct. 8/87). E.D.Hill (Engrj. News, June 8/89)" est! ' 
mates that 1/10 of the origoneili cost • is a miniiiaim 
^for wooden trestles. 

In comparing: the economv of a double '. track iron 
trestle about 22' high v/ith that of a masonry struc- 
ture, for elevated tracks in Montreal (Engrg.Ne^v^ " 
March 3/88) no allowance was mede for~th"e~lnainte- 
nance of the meisonry arches ;but 15C per foot per 
year was allowed for track maintenance and renew- 
al of 2,12" X 12" guard timbers;whi le the trestle 
was cnarged with a renewal of fLcor once in 8 years 
at S8 per f;cct, painting every 5 years at SO(t per 
foot, and inspection and adjustment 4(? per foot 
yearly; giving ' M= 15(2', M' =58.84, u = n' = l,and neg- 
lecting the renewal terms. 

60, RAILV;AY maps. -These are made on a continuous 
roll of paper, breaking the line and sv;inging when 
ne Gssary to follow the sheet;or on small sheets. 
The latter offers many advantages, especial ly when 
the line is creoked. The sheets are about 19" x 
36", or if the line is very crooked, 19" x 24". They 
are numbered consecutively, on the upper right hand 
corners, each new sheet being slipped under the end 
of the preceeding, in such position as to be most 
convenient. Thumb tacks hold them in place, and 2 or 
or 3 X-i^iarks along the lap serve to replace them in 
the same relative positions. 

This wet hod allows of alwavs Vv^^Vxv^ ^^^>- '^\\^.^^^ 
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l*lat;or storing theiu ooixpOiCily in drawers or pert-- 
i'o 11 OS: mi stakes in plotting are more readily cor-' 
recteci,as only affecting the sheet on v/hich they 
occur ;while the sheets are readily pinned together 
and a tracing niade in a continuous roll if desired. 

The meridian should "ba transferred from sheet to 
t^iieet "by straight edge. All the oearings coming on 
a sheet should then te laid off with a^-Daper,or 
other large, protractor fron) this meridiati once for 
all, and each .line tran3ferred out to position par-' 
a.llel to itself as required. Cumulative angle er- 
rors are thus avoidec in plotting, A still more 
accurate jnethod 33 to plot bv total latitudes and 
departures working froii; a given point of a fixed 
meridian. With a sheet of cross section paper ar- 
ranged to give traverses graphi cally,the increased 
labor is not excessive while the increased accuracy 
is considerable. 

After the transit line is plotted^the stations are 
picked out, every 5th one should be numbered^^and the 
elevations of the stations and plusses marked. The 
sheets are then ready i'or the topographer to put in 
tho topography and contours. The contours are us- 
ually 5'. or 10'.,apart ;evGry 5th one (multiples of 
25,cr of 50, above the datum) should be inked heav- 
ier, or of a different color, and the elevation plac-' 
ed upon it. Black or brown lor the 5th line, and 
brown or orange for the intermediates, is better than 
all black. The property lines and the names of the 
property owners, are usually added. 

400'. to the inch is the most common scale ;200\ or 
less, Is used in very difiicult country, and 1000'. 
or more in smooth prairie country. 

The line as thus mapped forms the basis of the lo- 
cation. With some, except in very difficult looa 
t ion, it is used nainly as a check in estimating tne 
crrades curves and tangents which wiii best fit the 
iToiind'and the locat.iou Is r;i.^<^ n^Vx^^- \ToV^A cv-ntv^c^-^x-^ 
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in uhe field. Vvitn ot[;ers,a location is made ontK) 
111^ I), me gradtis and cuts and i'illi? beiicg estiiuated 
t'rom the contours; tl:e transit noles are then irade 
^ j> frcii: it, and the line is run in the i'iald I'rom 
t*l:i^se notes • The reduction in scale afforded by 
trtie nap allows more ol a bird's eye view to be ta- 
ic« n of the ground, and increases tne ease and rapic 
i t,^/ with which the line can be fitted to the grour 
^^^-=^ work can be niade wuch :iiore h^e chan i ca 1 . On the 
^ tr iier hand, this reduction of scale renders it dlf- 
^" i cult to represent all the minor dotal Is, some of 
^^^ ioh liave ouite aopreciable effects on the align- 
^^^ nt||^ while inany of the more important details are 
^o x aporeciated as fullv as when seen full size in 
^l«ld. There are few paper locations which cannot 
^^^ improved upon when actually run;3till tills posa 
^i lity should always be kept in inlnd and acted up- 
^ri ^ The greatest danger lies in the locating engi 
^^er's keeping too close to tiie iiap,and thus over- 
looking possibilities which in the field aajsr lie 
^^ t^side the narrow bait contoured on the map. 

In making a finished map of the located line, the 
topography is usually re-taken, especially where th 
^irial line differs much from the preliminary; tlie 
^o cated line is put in in red, as also the data re- 
*^^rring to the alignment ; the topography in black, 
^^cept the contours as already indicated. Blue is 
^Oiliest imes used for streams. Seme use blaox en 
^irely since the introduction of bjue prints, but 
^^e colors above indicat*3d will print we 11, if can 
^^s "boon taksijn to have thesm thick when applied. 

.^1, CONSTRUCTION RECORDS.-The profile as finishes 
^^^ use, contains the grade line;usually the align- 

I ^^^nt near the bottom of the sheet, or at least tlie 
^;C»s. and P.T's. and the degr^^es of curves, a con- 
^*^uous line disting-uishing them from the tan^entts 

, ^^^^ stream highway and larui ovos'S\tv^*:^\\i>^<a ^^"^^ ^'^ 
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size of strucLures una^r, and over, the line; me 
yardage and c lass i i'i cat ion ior each cut, and the 
yardage I'or each iiil;ihe property lines and the 
names of the owners are oi'ten added. 

The map iis about aL> indicated in §60. 

A Hiap and prol'ile oi the line through eacli oounty 
has to be filed in ihe County Clerk's oflioe before 
right of way can be forced by legal proceedings* 
A inap and prof i le, wiili a horizontal scale ol 1:5000, 
of the whole portion in the State has to be filed 
in the State Engineer's of file. The above are for 
New York State. 

The progress profile is uade up from an ordinary?" 
profile by drawing in a line to represent the act- 
ual surface along the center line at the tiiae of 
each monthly estimate. The area between the origi- 
nal surface line and the first new one is colored 
to show the first month's work;the area between the 
first and second new ones, a different color for the 
second month's work; et c. ; the yardage taken from 
each cut, or added ts each fill, can be entered If 
desired. Such a profile is usually kept up in the 
Chief Engineer's office frcm monthly profiles sent 

■ by the resident engineer, or from other data. 

The computation of the earthwork, made by the Resi- 
dent Engineer, is checked in the general office. 
The monthly estimates are checked as far as possi- 
ble from the cross section quantities and other da- 
ta in the off ice, and the total monthly estimate 
made up from them. 

>The standard plans are made up in the general of- 
fice;iusually also the modifications required by lo- 
' cal conditions, i f import ant, and the designs of all 

■ the special structures, from topographic maps of the 
sites sent in bv the Resident Engineers. 

Usually all imuortant field -books are iupli- 

•cated in ink for use, and the originals are filed 
av/av* 
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PART III. 
RAILROAD ECONOMICS. 
CHAPTER VI. 

WELLINGTON'S ECONOMIC THEORY OF THE LOCATION OF 

railways: 

62. GENERAL CONSIDERATIONS.-' Rai iroads are built 
for the purpose ot earning money on the investuient 
in operation; for the purpose of increasing; the val-' 
ue of property adjacent to the line;or for the pur-' 
pose of naking uioney for tbe projectors, on the con- 
rtruction, the intention being to force a rival coui-' 
pany to "buy out the line for se ' r protection, or the 
"bond holders or other creditors to take it at more 
than coat. In all these cases, the more skillfully 
the hnonev can be expended in accoinr)lishinft results, 
the more valuable will the property become, and 
hence the more should be realized by the projectors. 
Hence all railroads, as far as the engineering part 
is concerned, are legitimate enterprises governed 
by the same economic laws, some of which are given 
"be low • 

(a) Railroads are not undertaken unless they are 
expected to be profitable to those ^ho first con-' 
tirol the enterprise. If the means in hand are not 
sufficient for the projectors to complete ttie road 
and to control its operation afterwards..Lhe result 
to them is usually a complete loss, 

(b) No increase of axpentiture over the unavoid- 
able minimum is" expedient or justi fiable, however 
groat the probable profits and value of an enier-' 
prise as a whole, unless the increase can with rea-' 
sonable certainty be counted on to be, in itself, a 
uroli table investment . 

''"Condense d froa E?onojj_ic Thicry oj' the Location of 
Railways. 3y A.M.V<'eiri:>^-ton,lnvrg.Nev/3 Pub . Co . 1887 , 
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(o) No saving of expenditure is expedient or Justl- 
fiable, however doubtful .the future of the enterprise 
as a v/hole,when it can with certainty be counted on 
that the additional expenditure /;ill be In itself a 
paying investment. For if the project as a whole 
be an unwise one, the projectors will lose their Uion* 
ey in either case-j^^^-^^ additional expenditure 

which adds more value than it costs will, at the 
Vt'orst, decrease their loss, and laay turn the scale by 
preventing any loss. Doubtful projects least of all 
can afford to have their future imperilled by reck- 
less economies, 

(d) No expenditure is wise, however otherwise prof- 
i table, which endangers the successful completion of 
the enterprise with the funds on hand or known to 
"be avai lable. 

(e) Expenditures of anv kind on new projects are 
rarely wise, however otlierwise prof i table, vvhich can 
"be postponed without any serious- loss, however sure 
to involve some loss if all i^oes as v/ell as expect- 
ed. On the other hand, economies which permanently 
iiandioap ths line with inferior works of alignment, 
or which place it under a permanent disadvantage 

in seekin.^ for business, are the first which should 
t-3 avoided. 

(f) The profit of a railroad property depends, 
first on the Judgment shown in selecting the region 
through which it is to be built;and secondly, on the 
skill with which the line laid down in it is adapt- 
ed to be of the greatest use to the greatest num- 
ber of people (cCivincT lar;;{e :?ross revenue) at the 
smallest oost for the service rendered (giving 
suiall operating expenses). Tlie first is the province 
of the projectors; the second that of the engineer- 
It having be-:^:: decided to build the line, the engi- 
neer' should consider the effect of his decisions 
upon the following: 
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The Jifieranoa i.' groda rooeipts t»hiOJi fftli 
resuii froin oi.ojaing on« or unother liue. 

'2. Tifo JifX«L?i?CB I.. oj>eraiing eAj;er.3«9 whioh wild 

or may result iro*- cijoosmg one or unoiliar liim^ouo 
or another griiiiierit.one or auo'-Jitr lUii of mjrvu- 
tur^jtito. 

7. The aifter enoB in auuual interest oiiarga vfliioh 
Mill or mtig result irom thfl Jifferenoas in cost of 
oonstruotlon cauaej by dtfferenoea In the above it- 
talld. 
53. CAUSES H0riIfVlM;3 VOLUffi OF RiVUNUE.- The oost 
ol furnishing DcaiiSjOrtation uaoreases wit.i tlie »- 
uount which oan be -sold^ao that It Is of the uttboal 
finonotdi laportai:ue to secure the lar^eat podnlol* 
voluiue of revenue. 

The revenue, as well as the expanses, will oe afteot*^ 
by changes In leii^fth ol Una; because nearly All lo* 
oai ratea are no::aKrtlly fixed by the mile, and all 
through rates wh-^rH 2 or more ooiLpaniea are oon- 
o^.rneu are dlviu**:: in acoordance wltU the illstano* 
hauled, although not neoessEirily in exact ratio 
thereto, \Jy to a certain point, therefore, the grAss 
revenue, and oftau ;iie net revenue ivlU oe InoreaMA 
oy a longer line, '^ut if tiie process tw carried (0# 
far, the traffic *nli be overi;)unMued,iind deoreascd* 
Only a siuall poriiun of the traffic ooulng; to ft 
a railroad is neoessiiry traffic, the reoiainder h»a 
the option of oot-peting lines, or would not D« d«- 

ve loped under unfavorable circunstisinoea. Kur exaa* 
pie. It is estliu^t4.1 that m pasjln^ near townsi 
^ a tttinliuuui! At the siuaUe^t ani rucst inert nou*' 
OOhipetitive poitilj the annual losj of revenue froM 
placing the station at a diatunco from tlie town wHy 

be taken us ^lO"^ of the revenue naturally oritfina* 

ting from suoh vi coini,ior each wile of distunes 

frou. the center. . . , .. 

^ a ifaxiuiUM; At oentera of oonsldarable banufttO*' 
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uring or oouooercial activity, expose J to cotisiu^ra'- 
tle co:upetltton,t.iie loss will - 25% per :>:lia:wb:l« 
-iiiarp coaipetitioii mdy bring it ujj to fO^, include 
all the inJireot effects. 
Iha lii-at estliu'-U-i applies to suoii towns as ttrn 
lour.U In the Ititencr <jf Mexico, tht) sacoi.i lo ti.e 
busier towns of t-.f Uniteu States, pne indivi-lval 
variations will ^m e.roat,rmjuiriiii; care In JacUi> 
iii2 upon particul-j^r oases. 

.^iLuil towns will ii. uiany oases ^raciually :.iov« to 
the railroad, sspifcl^liy lu r«;,-ioits utiJ.>»VtflopeU by 
other lijie^. 

It is the most Jitiloult to retic>i ilKt cencers of 
large cities, especially at teriii{i:Hl9,oii aocouut of 
the cost of the iiini roqiiirei for cuiluiu^s,aiae 
tveoks an-i right of ivay. The lar^^-e 3\i:iisi which the 
most prosperous cji..Mauies are willing to spena for 
this purpose in^itc^jte tnat it is important in jevsl* 
oplny ana hoidin^ tiafiic. t.y., *■•'** Feni.ay Ivsulu 
Ruilroad a few yeM'^s agj spent about £4, ^^''^O, 000, or 
soitte %E per heaii oi tiie population oonoerne J,iii ex* 
teiuiln^ an 1 eieva'.Hi^' their tracl\s in rhila.tio as 
to reacii nearly ;ti-j center of the oit;, ,and ir» u;ner* 
t«ise i.iiproving thfir transportation faci liti->s,iHaiu- 
ly foi' tiie benefit vi iooal traffic. In the auii.pa- 
ii«''j report m ].'-;: it wart ssite^Jt 

"T'.ie coat of litis *ork is already liaving a rrdfkej 
eifect on lue dsv^iopiu^nt of luoal tr^ificjani it Is 
celieveu that^iii jujition to its ^'^Htit vaue to 
•'irou^h a.i^ cojiij « 1 1 , 1 ve businad.i,lt will in a lew 
y->ar8,ijy its j-Toinciion of *ubu"can trains reiohiii^ 
t.ie park and oth^r portions ol tne oity,an^ its 
diiualus to the ir^ific L'ufoi>3 rciferred ij, fully j 

redliy.e all that v.ti3 uoniemplated at tha Hue of I 

ita ori^ijial coii. trucii jn" . 

64. r-tiOF.^SIi; TRAFFIC- This is Vest esti^iate!) lu 
terms cl the tiuut-or of uutiy pansenger anu rrele;ii( 



to 
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l.rains whicri wiU j-iss over the iine.as this riuiubar 
la aasier to tre^ict thau any other luuolion of the 
^ratfic^aiij it b'^m-^A a nearer constant ratio to the 
operuting a^ijsnaej. I'ue krdrtic ol othar roaJs.aiai- 
iiuriy ultuait)d,hi ii en the Dest ^-uiJe in prudict- 
iiig.as uokiparisouj cut* ta .uor<) accurately uiade tliaii 
uotual estiu«ites. 

It Hill usually itLAe several yisars for the traffio 
to reaoli Its uornal -iujouni. Peyoni tlilj^ttts growth 
bi3 vhowu by skatiivios,iuay to t^Ken at iroiu £,? to 
8% |»r year east ot tua Alle^tianUs.to from 72 t« 
15^ or even 20X K?st of tliem. This growth i3 qul^ 
^iicartain,dnil is liable to cease, or even lo cack* 
wards for a nuiubor of years, auring- finanoial Ja* I 
prasslons vumi th^ coiupany will ije in luost neej i 
funcJd. On this acoOyiit it is generally inex^edldttt 
to (Uitiulpate truiiio wore than 4 or 5 yt^ars in aU* 
vanoe by iiicurrin.: jjresent expeniiture. It is bet- 
ter to un;leresti.i^it-} rath9r than over estiuiate the 
tratlic.for if the enterprise turns out wiill it in- 
volves a Jiinor tj.^ji,'Ahile it it joe^ not turn out 
well it udfty save iroui ruin. It can l>e arr^m^:*^^ to 
ueler ujioh of ttie e.t^«*iisive povtioiu of the work 
until tlie :.\jiOQ^As of the enterprise as a wiiole is 
ttssurej, 

35. OPEHAriN'3 'iXF'Lr'SES.- K great reJuotioti ita cost 
ima, been maje uu:in^ tlie last 10 to 15 years, Jae in 
(jart to a fieneral oheapening of the materials usea 
Uy raiiroaJs,but .^lore espiJcially to lUe followlngt 
U.-J.* of ste-di iM.ila;ihe iiiet;il in tneiu being- 
E tougii 6uou..j» to •icii toi^eiher until tnerail wears 
lit, instead ol S[,iutin;j- ap^irt tufore »ear h'ls hardly 
|>4ttiu us is the O'^i^e with iroii. 

Iha uue of heavier engines, the olti i^-wliaeled Awer- 
|cau having been l^r^ely auperc«UeJ by Hogul and 

lOUBOlidttlioii engines for heavy frel;.h6 traUic. 
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jfru having.; bden oit-^iig'Jil iroui 10 td t?. - .3,00 
I !?0 •'itii tut aii^iit incidBaa in Aa:-d. w-k^iiI, 

0}jdratiT>g (AM^ttu.-ititt inj.y be Jivi'idJ ittbo t»trrf«' 
kudii9,«iii ^iveii la tlirf foilowiu^ S9 . 
J. *'AlVX.>miCt ^■■~ HtraVAL OP ^VAV AM-- y.OHht.- 
tnoluJi^j all Ljn.o.iteiit 3t.ruo;urtf» aiii bul td«^ 
,*nto<iyt uii^Li't -jit'i oar ii:.ops, 
%vi)ra;;tt lit* of ^ooO sl-sei mi ld,«rtii^-liiiit; 30" 
' SQ^ J»r yifU ,.oLoi- Ji:i^ to tli4 wai^lit of an; iih, 
'■t» from 1500OC0OO i-c ^OOQOOOOO toi.a.or oi*iidr,iiOa. 
200000 (0 500000 trji;:». fro* 10» (u ]£*,or ilojI 
ati«-flall tiiOii U uviilitibie lor wuMr. li I;* tijii- 
SHittt'i itAt oite-ituii to ttir»«t-fourtii9 ol lL« mMr 
l« Aim \a iU-i nit^iari.uiiJ tiie routxiuJ^r io ii«i train. 

CrOa<-ii«ii 1*1 ^*i\: truuK will l^iil <i\>oui B yo-jra. 
M-|Uirln^ 1 miidKui oi ^luout 3.'0 pr.y«ttr. .\b^ut 

«l MMUt Iwif tlt>» ooji H^ ti«.tMaau34 otMa^/rf: (i< 

^-1.. ir«oii,.'iot titClJiiilii i4.1l»d^<* ol dOiii^M.ur 
'i.tjW ir^Ch ro-i.ld ui' luod-ii'a'.tf trMi'du .^j;> Xim *d- 
'■lurjt-»i us iuUowa ior iJ.o:'-* Ut?a«* »*.iiah ar-* liido- 
: --.i^fitv 01 voluina Ji traff te(ooia«on ;r«oit luiwr 
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r. «3<S.fie).F.7.) MAI^!T■ErA?"CE OF V-AY 



5£ 



jivlr-t.' b'aeri oiiaii^'-sJ irow 10 to 12 - ..j^to 15 
IfiiU tut silent ;nerdBsa in dK-.^a w-k^ui. 
|llaratl^gf i««^*(ti.'{i«u nay ba tlivi'tdj iuio itir^tf 
f^fxu ^iveh i;t tiiti roilotriu^ S9 . 
UKr..HAKCt -«". ^-t^'EV■AL OF *¥AY Ab'-- l'.OH^^.- 
ioluitjd all f-irbhAu^iit 3t.ruo;ur<*)t aiU bulld- 

Mra;;* lit* of ^ooJ ai-iei riiiid,<ftii^'hint' 30" 
.pur yifU ..utjiji-Ji:i. to thd *al^;it ol an; iri4, 
ii UOOOCOOO fcC '-.00000000 toiiS.or ot»ttdr,iro4i 
;io 500000 trj.i;;3. froo. 10* (o l£*,or ibOjb 
If iuod i» ttviiittibit» (or wenr. It l;^ aiti* 
jflibl uii«-iiaii io tiirnd-fourtiis at tit* xtur 
i'ta Ui<* iii4^. i.M^uiiJ tue rtfuttiuJfr lo i(.« ;rsii(. 

|il*ii 1*1 H'>r.l tlduiv wlU laill a\iOUi 9 yi^Ti, 

|n«' 1 rviidNui or duout 3>'0 (ir .yttar. .'tti>ut 
I wlU {;ar ;,»>ur ur^ ra'4Utr«J dn sid« iribkJ* 
It Iwif tha Qo^ft ^<)r fcW.MOtkuaa bl)«tt|jx»! (iii:. 

M. 

ittl ooji oi . imtt»Kii;OT) 01 wttv ^r wii-« af 
i»Oit,:toi ii.cljtilu ii.1 l»u^4 of iiiiiii;,«,ijr 
liruOfL ro-i.i4 ui' luod-^ra^a ir-^iilL ^ij m d^d- 
|| us iolU»d lor ;ho:'4 iiAMi wnioii ur-« indD- 
01 volum!} ji iriti'f io(oouiUMti iraoin luiMt 
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C.Vl,869.(13)*f-7.) OPEMTING EXPENSES 6? 

lug* [eiP stcps^wiiU^ ih»^ Ioco!d0iiv4 shoaid be ch^g** 
md wJt;i rather uore liit.n S cars. Also tuat 30 ions 
eddied to trie KdlgM lit u tram oi say 5 cars? does 
not inor?>i5e coal t:o;.fj23otiou 3^j mjcii aj oi:e <dxtra 
0ar;ati:*j3ph:^ric r?si::tance not tsin^ inorea^eJ is 
apjch^whiie the roiling rt^^istaric^ per ion «.iii b« 
dftcr63b^3vi. 

Tiiti vosi for retiirs aiu.r'aaewals of engines av-r- 
a^ed fros 5/ to S'^ p^r tralh uii'^;thoc<9 of the Cvn* 
solitfaticn typ^ win cost soi^e ':5,^ u:oi'Sf lYkitu S- 
wiit»eled ?.;ii«rican;heavy Moguls, 10.^^ to l^x a.orfi;pat- 
seiifer eugiue^. atouC 20.? less. 

S^i^ohir*^ eiij^^ines icrii a coKSicleraLle porwioii of 
tsie total nustber in service, the percentage iu this 
State being 28* Their mileage is fixod by an tllow- 
acce Of 6(sOiiietiB«s ?) miles per ^^our. 
Train wa^es avtjrage as follows, per ruii of lO'O titles 

Freight Passenger 

Enginenan ir.&C to %S.^5 J3.50 to $4-00 
Fireiren 1.75 ?.'X) 1.75 2.00 

Conductor '^..Jb S.CK^ 3.75 5-30 

P:ftkenien(e^cli,Sl.7S^3.50 i.25 3-50 5.50 

B9ggtg<^-Tr.c-n 2,00 5.00 

Tne length of run for engir.e ani train hands- y3ei 
to bd from 80 to JC'C chiles teti 4. rtitpurj) per 4ey;tt 
i9 now preferably irwi 120 to 150 miles • On so»e 
road^ tlie pv d^peH^s :5ij7)ply on italeaga, especially 
for freight tr^in^^t.n oiher55 a oortain run fj^^kea a 
day's wcrK,t\H^ pay v^.tiyiiig scr.evr*hut •vlth the Ungth 
oi th^ dnisloi;. 

68. STAT10M»rc:R*^IN^U AMD GEWERAl CXPtMSLS AWQ TAX- 
ES. TVtfi.se varj ^o>ie»^-hat •^ith Iha *voiuu>i of 
lroiflc,hut ^0 inaprrecrjibJjr with tlie deta:h: cf 
alignaint trtnc they wiii net b.^ considered in de- 
tail. 

69. OPEKAIINC iXPENSu 3, SUMMARY,- 



r 



VI.<3'J9.{13).P.7.1 OPERUING EXPENSES S7 

iug- /e* stops, whtl^ I'n^-: locoMJtiv-* shOJld trs ch-^y- 
eU rtltii rathsr hiore t;;...-! S cars. Aiso tii>i.t 20 loisa 
ad36*3 to ihfl weigf.t ul u tram ol siy 5 oariJ do^s 
no'- iiiar^a^ie coui i:w(i:-j.iiptioh 3v mocii an one -ixtra 
Ci;:r ;<it;r'ji3ht=!r ic r ^sir. r,5>nc;a njt tainy ir.nreas'itj is 
nrjcu. while the roHing )(?:si?!tancd ppr '.mu t'-ill be 

Ii.e voai for rej-iir;-, anj.r-^iiewiils uf engine* av-r- 
ug^d frun 6'/ 10 Gi: par traiu uii I'l; thusa of th» CUn- 
soli^alion iyp» ^iil coat f&wa '!5,f ii:oi'>:r Lljan 8- 
wii»i«l9a Stiiar icunjheavy MojjUls.lO^- to ]^"; ii.oi'^;pa«- 
seijgyr dii£ii;«?, aLuut 'iO-? less. 

S*vii'Ohir;g eiigii;e3 iciin a coi.sicksiaLle peiiun, of 
t;»e toiiil nu!nber in S'.jrviG«,t;ie perct^nta^o in ihi* 
SlEAi*? l;fc-ii;g le. Tlieif mi Ua^B is fixod by an Allow- 
Snuutf Of 6(«'j.;iet imfts ?) mileb p«r '."to-ir. 
Tl*»^i^ wages 9v*>:'ag^ bs fol IcK'^.p^r-r run of li'V- Tills*! 
Freight Pastengor 

i^r.^O to $3.75 
1.75 

r;.75 



Cnginenan 

Fireiraa 

Conductor 

piakemenfe'ioh.i] .7S13.iO 



i .2* 



iS,^\.) to $4.00 

1.75 2.00 

3.7^ 5.00 

3.50 S.«L' 

2.00 5.00 

.til.5<Sie^]i700>)4-60' to$i7.5G 

T"i« Unglh of run fo: engine ana train liandr U3«i 

to bu from 80 to JC€ iri ltfsteiid=fa54ttttt) per dp.yitt 

is liow [jreterafcly nam 120 to 150 mli*9. On some 

for frwighi tr-iiiij.i.n other? a ciortam run ffftlios a 
flag's wc.nt,t)»* ply vMjmg soreifthi^t wtt*i ihe lingth 
ol th: c3l V islo], . 

63. ^TATKU'.Ti'R-'IN^U A'iO GENERAL SXPCnSI^ AMO TAX:^ 
F.!i. IiirS'^ vaf^ jofte*hat »vith \ha 'voiuu.-i of "*"* 

lr^ift(.,Lut 5u l!:3?ristijl»ijf with tfee data: U, 
aii^aBttii L.^^t they wilt n^t b? consider*?ci in df 
i.a!l. 

G&. O.^thAHM''-' iXPENSrS^S'JMM^t^lV.- 
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>PERATINa EXPE}IS?ES FOR AN AVERAGE AMERICAN HAIL- 



>AD. 
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[Fuel 
Water 
Roaa Joii and 






|En{rine3 <e;igine3 



I 



iS.O p-o 



Mn 



K^pte 



H.'ip.c, Ropaira-en- 



i 



I fe'lnea 
Swiiohir.^ oiigines 



7.6 p.o, 
0«4 

0v8 
6.6 



3.6 p.o. 

Switotiin;r engines wages 

1.8 
?ENSE.S JTRAIN 

,0% l^A5l':S& yrain 

5UPPLIIiS 'wtt^es & lEng.waifes i, 4.% 
17. OX suppAies^Car wajj;»5S 8.5 

,^15.4% k'^T supplioa 0.5 
jHepaira « r.jnow3il3 10.0% 
Jm i i eajijt t a pr d y t i ca I 
leouivuioiit "or re- 



CARS 

ii:?.0S? 



I 



rRACK 
BETWIlEN 



||)airs) . 



J?.0 



[Nrc:- 



5.0J8 



'Renewals of rails <?.0X > 
j^rATIOM.-! iAdjusiih^- traoV S.O 

8.0» 

ICEOF ^J ROAD- BED /henewing ties Z,0% 

' eto. 4.0 

Swltcheu, frogs, and 

siaings P.. 5% 
PriU^ea and masonry .*.6 
Station and otiier 

bu i i J i n^rs . _?. ._0_ 

AL ''Lir-!£" OR rHAMSPORTATION EXPENSES 70 '."O?" 

I r ^ C : J , r LlH M I N AL , ^N D GENERAL E XPENSES 

; •. ..x5:s _J0..P_ 

'OrAL OPERATPia EXPiMSES. 100"'.dil 

lia labie will apply with leas uoouraoy to rall- 



lYAKCiJ & 
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TU'k.ES . 

8.0.?; 



C *V1.570.Cl8).F.7.) ALI3NICKT 7% 

rot^ aa in any purt oi the Uiiitt*j Styles. It will \n 
^i**-l'le to coiiaideiubi-j vuriatiou in individual in- 
sti=^r,(;9a,s3pecially ftiidii tlie trui'lic is vary grant 
or vary 3iuali,arid lieiice it siioulii not oe uaaJ iu 
pl*A.ce of a carefully prepurad estiinatu for a ^-av* 
ti «:5ular ansa if t..^ latidr can bd iiaJ. 
T^«j averagtJ ooat per rrfv^iiua train luilt; is not 
I uiu^^aj. teiow $1. By iia:JUwii:^ it -SKtiirt above perwi; 
I ae«^s beaou4 cantd. 

fc 70. MIKOH CKTAIL? Or ALIlfi-ENr.- Tiieaa ard ciis- 
^vU-Tice; curvature, whicd in not so ^riarp or no plciMd 
^^3 to limit tlie vrt^l^jit or spd^d cl traiusihiiit} anJ 
^p*'^-i.l,on ^^rades vvhioh ar^ not steap onou^^h to libit 
1U» w*i;;;.t Of trains. 

^lissia are called minor ddtail3,Ldoauti4 iudii^iiifi 
c^>it in oojjparison with tlid amount of traffic wlilo 
^1*«« line iiaj be»n or .jay be adapted to secure, and 
^^i«) ruling' ^rudients or other cuu^es thicn liuit 
^he wei^iit una length of trains and so play the 
**tiief part in fixing tlie cost of iiahjling tne traf' 
'ic. They only s"li;^htiy affect tne coat ot running 
** train. vjithout affectini^' ltd weight or aarnin',; 
^iipaoity, 
"Xh^- additional oojt of running a few luora .uile^it^ 

a aittall portion of tne average ooit.aud ta 
^i^ays oountertialauced by 60,ub aJaitional revenue, 

t^'*»il»* It I a now olear^'' eatablished that no oon- 
^i^erablt) difference in tne a^'^re^ute expenses per 
^''uln ;uile on difl'-Jient railroads, or on iirferent 
^^vi.uun^ of the ^auie road, can be ietectei M.iion 
^ ^' oleir^^ aue to diileienoed m t<te aMOjnt ol 

I®'^rv>iture,or rise an3 tall, even hi.eu very :u.irke'i 
^Wferenoes in ti<e:-)t! letails exist, fne uo.it per 
^^ain wile "beinfe n -arly iniepenii^nt of alii^noMJUt 
**f*d of nei^ijt 01 tram. 

l\ jKiy here "be not^a ti.at li^ut traHio usually 

K**'^iinrf iijit tr^iUia, iroui their ndcejdary fracjuoncy 
•* orfter to accOiu;uodate llie "busuwai.a^i Vua,v -axAX* 



■^C.VI.S71.(I3W 

Bore leriuinal facilities are required and a gr*at0r 
•xpansa in iiauliii^ the train in proportion to tiia 
traffic, than for a heavy tratfio, there will Im less 
to handle anJ lass to haul per train. Again, sharp 
Curves BiiJ steep crauas oii part of an enxintJ-staje 
or liiviston.uieaii li^ht trains over the wnole divi> 
• ton^aiiii lienue decrttased cost per train ui le over 
tlw reuialnJer of I'^xi division, the increased cost 
•howin^ itself lit all increased nuaitier of trains. 
71. EFJSCr OF DISTANCE ON OPliPAriNO EXPKKSKS. ^^ 
Tlw entire cost of ^inteiiance of way proper f 
eluding yards ai:i siructures>ii(ay De considered id 
vary with stiautfes of iistanoe as great as 2 or 3 
Hlles. For dijlauces of a few stations, only rail 
%eBr,tia reiiuwals, Is^allast, and fencing williucreas^ 
In direct rati0;for it is i.ecesjary to have a gan^. 
Of J>en lar^e enough to handle a hana car or cui lf|~ 
■ rail every S ur o iuilei3,and on this ba^i^ ti.>^ 
line IS divided 'jp into sections of u^>out 
IttR^th and the uiniiLUiu number of jien a.isi^ned lo 
•aciijit is only ^ few sionths in tiie year iliat ;ji<4ir 
•hole tiue is dpeut upon necessary work. "^ 

Muuii 01 tlie f uel turned oy the locoa-oiive is a 
eo4.siauL wastage indepeudetit of the exaut diMlanbi 
run. The cost of Vt:idUng fires averaged SJ to 10)J 
01 t..e total cost [or fuel;'ban)iin^ fires does not 
«4ve fuel.tiut it is u<ore convenient, and easier ou 
the loco:i.otive. The ootisuii.ption due to stopping, 
stariin-.,und staiiim^' idl® >n yards and on aide 
traces is also considerable. It is practically iu- 
ie;;«ni...t ol the ;ni:ior changes in lengti. which do 
btfi aff^c*' tti'e ujiuter oi stations, ._ 

■ t'lt) tot^l uon^uu^,;lion indepen.ient of suall oituiii||||J 
mil the distance run is placed ai a'bout ?:;•. ■ ^M 

■ ttw rdjjair.-? oi roiling stock =ir^ duH to.-detoria- ■■ 
Bion froiii'a^ejwtf^r iro.u stop^jing and startin^iwear 
Bron teruiinal se:vioe;Wt;ar iro::* curves and yraiXea; 
«l3 wear froiu reg'-^iur running between stations. 
Kli« iwrcentH^ wiiich tne latter bears to the total 
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DISTAWCt 




lull r>»ijaiiiuld 
UjUdCiii^ trucX 

iiaciO)i.ter.uluul,£;(4ner- 

Tv^tal fOD'TD" ii-o.uI?n^ to ^ 

/ truiii hu^tfji ar» not uffHUiHi.ws havH 
IX wn muUi^ly ttjun of 11143*) loiiil oomts b;- .-S&x;; 
Utt iiU3il;dr of yearly pu^^iaj^ws p*fr dally traia^ulXoi 
114' (or 4xira iiipa^wti iiaall !.i\.>4i 
/•.uily ooJt jJdr d^-iily vrniiJro-i.i trip) lor oitau^ai 

Hiiioi- (;..mife:) I3rd,it.*r OUan;ji 
Fr.fooUf'r. 'ilJ Tr.Jiftla 

S.'l£ I 181. j 335.50 
riiaj>4 twouLlJ cutjlt^ili^dd Mill t.iva ti.w ju^tifid- 
W axpeiidHure to ->uivti one foot, or luilo^ut adJi- 
ioiial diJttiiiua p'^r duily train, uousidur 111^- oparu' 

fOr a daviu;^ of f?0 or juore iuil»;s per 100,tliasa 

bouutii Oiiii be iL^till furtiiar iiic;rtiadad,a3 nearly 

iary itejn of train 4Ap<fii:)aii uxOifpt tnd oo^t of 

Aihfe'jp trains and j,-attiu{i u.: .-iteaa tvill be Tiar^*-] 

y itfdOtdd;t;ii J laa^ljuliiu afft^ot ia eatljiUled at 

toit 803 to 90% of tl.a above Itdius^or say 56tf per 

rain Mila. 

fH, E^FIiCT Or uISTANCi ON RtaiFrS-- Traffic may 

■ dividad inlot 

2Iou-coupetitiva local. tiavii.^ no olicloa of 

SUtdfaiid ooitfinad to ona Una. 

Kou ooiiipdtitive e/toiianja-e traffic, or through 
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pull r*)ij«iAitlj 

*iju3ti»^ track 

|Eii4rb.ii i.i)r>. uiid ballast 
FYttrii aiio ^tiuoturrtd 
I iStaCloii^bArtuliiulf^Hner- 

m( trttiii ^^^m a.ra not uf r>4Ut>r i,KS huvH ' c^Tl 

fit W(» multiply tt4o;i of tliast* toitxl costs t; .' 35kS 
|ij"* iwailur of yearly j;udaaii;i*3 p^r daily traiii.uUow- 
Ine tor «xtia tnpL3,wd ;jittiil i,i\.-i, 
fy-'Uilj' oojt par d-iily tmiufro-i.i trip) for uaaii^ei 
>r iHujjt'ri 

Mtitor O.-tnge^ I3rd.^t<4r Chan^na 
Fr.foot,^'!-. 'ilJ ^'r.miWA 
5.49^ 



fr»lii wa^-dd iiff-fut44d 

' . H ui.uf ft»otaa 

I Xiiedt) tuioui.tj CLipltj.ii.i>)d ' 
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fill ;iv» tl.tf 'Udtifia- 



bltt tfxpduditure to -'uve one foot, or uiilo,ot iidJt 
^iofial dlrfttuiue p<4r duily trutii,ooiisidi«r 111^^' opari 

; expouaes ulot:a. 
[for a itavih-^' of :?0 or luore luilrtd par 100,tii<*B* 

»ouiitd oaii be ^tiil furljier iiicr>4tid3d,a3 ns'irly 
livary itOiD of tram t^xpt^iist^d Hxorfpt tu^ oost of 
aHiii^up truina and ti^t-tiiiii u.: rftaaa *Ul bfl Xurij*- 
a'f0ut<)d;t:n J udximiiiii afftiot la astiututttd 
Im eOS to 90> of tl.tf -jLove itdiua.or say 56tf per 
Ttrain uil*). 

72. feifFEC: Or DISTAfICi£ ON RtCIiIFIS.- Traffio t&a; 
' 1)« dl\idt)d iutoi 

(a) iJou-coupetitivd local.liav 11.^ no ohcioe of 
routd^aiid ooiifiiidd to oiid liii>). 

(b) Noii competitive exciian;,s truffiOjOr ihrou^-h 
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OD* litM to anotiMr. 
<«> Couptftiiiw UiMl.oDnfiMtl to OM lliMflmt i»v- 

(d) .Cofti«iltlve •«kcuiu;,e,or Uirou^ tr^ifrio j;ro,«r, 
uttsslu^ Uib««au v..-. ^r9 x^fortain railroad o«&i4rj, 
lUd wlci: a oltoi<M ol ? or :u}r« rouitis, 

(«) .Partially ao..^o-! ; i 1 1 vw tr^f f lo,tMiit«aL qoc-coj^ 
..«bitivH local poiii;^ aud l^portcint railroad o«at*r«, 
luviu^ u a:toi04 of r^Jlii only at 31 di3ddvau(a^i»,ty 

aylu^ d, local rat-f in addition to f,'u>a throujii. 

(0) Is tud only cii« of tli«3>* in i^iitcli lQ0r«as«d 
lUtanc' will not ^dd soi^thin^ to r8V«»nu«.(a1 abd 
CI) ordinarily incljJ*? (ro:u SOy to 7^ of tUa total 
traffic, ttid aiusuui iarelv falling tMlow X% eaoopk 
lib roads wUi. hduvy L..roiiJi traffic ruimiri^ ttirou^ 
•pardolv :taitlt*d •*itktiota. The rat^ 01. Ltoai of itoa 
na;i-oua.^^vtttiv4 irj^Mic ia liu^ad oi uil<Jii;,«:8fti.<* 
tfaflio lioftovdr i^ leijiad wijat it will "baar without 
ra^rd to lidtaootf. 

Tm rito on t';.ro'-<^!* ooMuotttivi} tr^fUc U usually 
tliWJ arbitrarily i-ivnoui. ru^ard to diatiii04,t)Ut af- 
4«r V»lit4 lia<»i U is alxuyj dlvidad u^: \Mt*>4eti th« 
akk|''juii*tj tti'.ttred.dJ on a ail^i^ WaU.an.l usually 
Ih ttAact |'ro/ortio:i to dlJtuuo<tj aouatiiiMi ullo'oiu^ 
for taruilnal or oiufir ohar^ds. Ill;* tnua an :iavaii« 
\»j« to (orw |;art ot the shortest routa beiwuai. 
OoMiwtlL^ i:oliits,bJt tl.rt ttdvauta^a Imh whollj in 
navlnj sLOrt oomi.'0;ing lines, unla^ii th.»v ior* a 
•iball portion of tuH antira distanoM. "Mt Inor^aaad 
r«onl^-tA froi- thi? :-.ourc9 can t* fouuJ In j^r oaut 
^U»'.^ tfiflv Vy au1:ir:iotin^ froi.. 100 tna .-^r OMnV 
iha ..ouA haul "Msn io tho total haul. 

AUiu Ihii lnor^M.^*tJ ravonua to 50?! of tiia ^roaa 
•aniin's per train ..ila.TaUa Vlll.iutf to AV«i-a-^a 
looil trutdo ,ani WM^'arUij with t:-a oout of oi-'ar- 
»Vin^ li.« iiioroasal itstanca par train .^ll^.TabU ^ 
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Evdn if '.ha gx\a Is ^:>usii.'-ratly le.« thai, lui^ 
iieviaiio:* aay aaslly V.* for li^a inwr^jc of th« 

^^01. or ^t>ilo policy. 

L Tr.ere ar* -toiai insiancas »n.>rd la^ soral alfdot of 

I A snori Uuit say ^vv iunL»iio<i iit s^^curi;.;; iraffio. 

I Usually how.jv»r >-y.-i-^ eo=.j»:ii»g UtiH3 ard on u jxir 
ill oiiiAr rii.s^utj, they k^lw IM stujii soii«iulu tliM 
^•-Kfiei. in^>rtiini o^r.isrs by agretfu»itit,uul»-*s tli« 
diffdr<^r.cd in di^jicr.ut* is consi dsraDld. 
7.*. CURVATUK;.- Ti'^ otjwctions to curvulura art*: 
ir.or«))i3fla irulii rwsisiano^^and iiicrenadd iMur upon 
rolling stociv iu<i ru<Jd-l:»d;l i^yi; 11.4 atfrfol upon IM 
wBight jr Isngil. -il iralns cin roids having Itgftt 
graded; Inursa^ed (ur* anc *j^ i.fuli:HS3 u^ca^sar^' 
ihft p-irt of <?e)plo; «*'^ ; iiiurd jj(id dtitig»*r of ttorail-^ 
aKrii and mor*) scncui ooii^<}jeLu».-= tii*refrja:; in- 
crtius^d dai.g^r of .j;Ui.^ioii by ol.ni-jo'. u.^''.vi'»H; 
oreu.-^'iiJ difficulty in uakiug tiw^to L^« rkt)t!u*A<| 
of pj.ss»n£^r traf f ic:2r»>it*>r unstaadiiM;*!* in th« { 
ridir.^ of car*; etc. 

A 3iii>ly yjt '.ne cau.<i9S of uouidenls will not nAfwi 
runt th<» a:<su.-splii>r that morrt '.iiaii Z^X ar-t oaud^jl 
tw c'jrvtttiifa alone. This »i-oulcl giv*» for a singl'* 
ujrv^*,OiiU one accj.-^eni in 4CX."| ,vi*'4rs, <»ir i jus t»iiO'a|:t 
to be iiOtt*2 ill tii^ pjpars,un« injury in bl?. ynwa, 
und oni( d*ata in ITS yw-^rs. $1 .at 4% ^uuld anoun*. 
to ^6,. Wo, 0S3;$^C5, 20 1,500, arid ju. iflnuir.dra'blo a- 
■iOurit,re??c:»otiv9ly, in the t im»s stated, gl\ ing ijutta 
ttwtple comp»r.?at»D? for t"n>j r-?»ultin^ A'imagas.or tn 
c\her Koris the increas-^iJ iSan^'tr from curvature i? 
too 9(nall to b^ giv«n a moray ^alue, Some of tht> 
lifteswiih greatijst; ourvftiur.} arj notaMy free (ro» 
0ccld»nt;«hil» PtMistic* show It.n acciJentj east 
et ihw 0>i)o than wi»st oi it altiiaiith ti.er^ Is som.* 
3 tim?'3 as much D>r-,iturH per mll^. This foul^ *^9r.' 

f%C KdOA' tiittt th^ increased care and watohf'.^ ir.*i» 
pblaulatec^ tw sharp curvitui-e a ly bw sufliciaut 



1 



»or« '...ail TMroova Ul thm uerMMj «anc«r frda 

i'.« curva^ur*. 
■ I'M JW'vcilot Ob oeeo^ui of less of iia* irok 1m 
^^poeA IS bot Mriou!< witi. 5m«1 niU sua air brak-*«. 
■finoa i'um Msirifugsl foro) vari«3 u itw d^*rrf of 
Ftb* *^\55»^y.*f • aco*ci 40 aiUs wr liour as • 

r <doubU this spJAd cTb b« aadtf «i;:. >jf«ty vU>4 ih* 
Irauk in g-jjd coudiiisa) ,iha corrAt^pjitding spMd 
*uuld b* 2C' liiUs «; ao 8', K) ^iUs on a 3"',re^uir- 
lug tut lit(l-> <Atrb CIQ4 10 slow up tor s quAr;<*r 
af •• »il ever, for - '^'curv*. 

It then »h» sbarp o^r^^iure c&a W ooboeiamt^d d& 
» ia" pjiutd v..dr« r-ts-jir-id Irv mg^d topsgrap'.y, 
«t»d Lat -3tdtrtbut«d ov^r lh» iin«,th« affect jpsh 
«clied^ltf ciaa tor ordinary akkpriis;! ir«lr.s vUl W 
iDJlgniflcani. 
?<•>' tflUct ou t'la tiaoolh riaiiig of eAra.itiid i>t« 

• fftct (ju t'.^.' r<tpu;a'. loii Jf it>e rj^d may turn sck^ 
A| ;^« traffic jver lo u<.i^d;i:.g lin-'s wlhui «a lat* 
%*T otti, off**r a bpiter aligttiD9ut;i*.ill wttii a ro»d« 
^d in fAO^llaiit a>nditioii, ^od iix-poii.tBtin*.ii.uud 
\u* ea«e sohadule tim- .ts ti;t» rivc^i Vut altgul Iojb 
ftaad V) »n;iciTuitail oxoapc in u {•»■ ;tpeoial OitJM»; 

• •g. ftH*. }>d3;idiigar lii^Ari b^tfr-^an near largo oUi9S. 
Tlia ctutfdtioh ufiar -11 u i*}i <Ji.<i of ourvoj v«.-«uj 

%ftitgentb,bui oii« of • li ti !»» ^r-jatei or l..-? < curv^- 
%ure,.o ti.at for i'ii ro.-:dlble v.ir l.itioi<±i iii looutiou 
•bout all i}mt Mil t"? put on a moiidy ba3ifl««*A0<«pt 
4i) a f4tf ;fp<9oi3l at .'Ja^i» ltd} dir<)C'. oor>t of ttiM in- 
Ci'tfuiijd r^sUiJJoa ana iha i i.or'^u.'<')d »'«ar jiid taar. 

7-1. EFFECT OF atRVA'ilirt: ON DPEfl'^TlNG EXPENSES.- Th« 
tBor<}sffld raaliTitiiico i/u a curved treok Ij du* to i 

(a) ."he inoreasad length ot l?n' oumr rail.caualcg 

• longU-jiiiual slip uf thrt nejtjs j( tht* wr.eola. 
fbl .T'.tf purdllfllisB' t-.i" t>o uxUa/bv whloli iiia 4i- 

r**ot ion cf rolling mc; loii,fwr «l l8a;:h tne front (.- 
yulr of i»iit»i)ld,i)i oilir;u»t to tue dir«oitoii 
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aotual not iort, OHUsin;- b tr3n9V4r3e slip oi, ih^ 

'o) Tlkh fling? presdurv oau:)'-^ Vy (a) md <)i) and 
by the latdi-al (oross r:ot being in equi lilriua wiUi 

_Jtli0 eltfvaiiOii of the U'^i*n ruil, 

I Th* r»it.ii.v,.n;ci' pur ion is no; ^pprflol^bl^ -ffooi- 
•*d 'by la:;g:..i o' tmiitfOr obliqvUy of cnciiun and 
but 9llgh',ly by jv»r Oi' under r:iil dl^vatlcit. 
With rails in tli 4 S'±w9 aoziAiiion rail w^nr <->iid 
ourva r^ai.n'iuotj txcs a'boui proiort tonal to curva- 
lurff;they ar^Tjoth leas for ii»* rails, anrf t*coi»a 
£reatt»r aa i'io outer rail is Kcm av«y to tha aUay* 

rl ;lie nut:>^e. 
T«ia lo>'9:st ^cba'cl^ ilmit ot oui-w r^slst'inca c.; 
' ordinary' i'rel^ht train a}-'*.?*! oii ordinary euivaj Is 
about 1/3 lb .p«r ton p^r d*?gr:-'-! *lili i«jrn raila 
und rouiji t r-.. ck i t may » 3/3 ll-. it suhids prob?abl4 
ttiit. u-ie reiisv^nve par degi'dt* is Itis^ un aharp 
curvT?.%itnJ $r<»!At-4r at 3p»<f^ds l^sa t^ian 4 or £ all<>9 
pyr l-our. 

Thu cui\i> of double r-saistftnci, 'jr ibut oa vhioh 
th0 curviure offt^rs th<f atLtie r<*!%istuno>a as a. 
■:triii-!:i •Tacit, id 

Latrr.b^' t Jst«rin»nts 

v«ry blci' .-ro'^).*:? 

Colburn's 'i-xpdr inimjl ;,spe<*<J 

8 to 12 liii 1':.' p«r hour 

*'ol^:'sV!orth',^ f oraula, trains 

700 U»i lojig 

}'o1a.;vorih'i formula, trains 

WOO f'S^t luiTg 

Vo?m's tjr;;tula,5pt'yu ?0 
aiilfly pjr ivur 
Vosn'j fonr.ul.A, .■■i.'tfHii 9.S 
ttilea (»r 'our 
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Miles p**r iiou r o 476" 

R'oiD whiah W9 ;iay aaaum-^ tl.ii: 500 ' o( ourvaturs 
fc olfarii Ui-a aaiflrf r •jsldttmoe as u nilf) of atmig.t tr 
Ktrauk ,or flmi >i U" UO '*j.dJuol^ the T^sisinuo^. 
H Tli*^ •s'ftfot of thisdoulle rfsi^tano^} (when it dooB 
P not limit thi wdigiit of traina) will 'be to Incn^astf 
fvjal coiwumpt ion about 50X;to iuoraaae repairs lor 
tiiigimj j)4 car:d;to iiiorea^e ruil renewal;3;tc ie- 
crrfjJH Urf li t>* of ti>3;»,ii whiis oak on poorly drain- 
ed gravrtl uallast.a'bout 50*,ah'^l proportionately for 
atii^r d'griirfs ot oii-7vatura;aii<] to iiioreasa track loz. 
tor abou; 5q?(. -21 

CJlVct ing r ejults, (or uii assuntad cost per trala 
milt ;i. . 

tiBU. XL-COcST PER TRAIN MIU I-DR 300"0P CURVATURE. 
I MM Tabltj IX 

fuel 7,6 

Water 0.4 

Oil aid YaaiA 0.8 

R.5pair3,rti:giu aa 5.3 

Rrfpatrs.cars 10.0 

Rail r^ttJMub P.*0 

Adj-JdLiiig t m ck 6.0 

RtilltiWllig t i-f :j IT.O 

iiurtlwork .bal'laJt.^nc. 4.0 

Total coat per traui mila of ^OO'of ourvatui ^JS.* 
Total cost par train mile per degree - .0593? 
Total cost of 1' of curvature per <fally train' 
(.O6^x35 5xH) = ^-^'.50 

Ilia -fliouiit oa.'i trf c'ipitalii'"-; for tii*» juatiflat* 
dAprfiditure to 'ivoid 1* of cjiviLtura p-*:' daily train, 

?ome of 1 1» j.'iiip'JJt curvna ..(iich hav l"***" '■J-''^^' 
on dtanJuid g**^.iw rouda are giv-+n twlov.i 
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• 175. fl3KF.7.^ SWirCH-BACKS 
^yafl Locality 

)f.,N.H.& Hartford S pi- ingfield.Mass. 



ti.& Susqijehanne. 



tltimore & Ohio 



Oya Railroaia 
tginia Central 



aina.n.R. tracks 

Ua.F'-.W.i. Chicago Pit ts burg 

narsie Sc Rockaivtiy Brooklyn 

th 8- Coney Id. 
Rhattan Elevalad N.Y.City 



Ufjpor Divirion 

S toney Craek 

Butler B.'-a-uh 

Harper'd P^r y,Md.side 

I Ic'h^ster 

Harpers f crry.Va.side 

Y.for Consolidation F:ng 

In Peru 

w r Ro ck f i <h Gap Tun . 



8!? 
Radius 
41Q 

3S| 
3^1 

3lj 
401 
37| 
301 
. 13 
39J| 
300 



Ct!ntennlal Grounds 



175^ 
55 to I 
90,100,103 



ter3l)urg, Va. U .S .M il i tctry Railway 60 

last curve W3s used during the war. A large iv 

passed over it for months without accident or^ d 
jultyilhe speed was from 8 to 10 miles per hjur. 
te sharpest curves on the main line of the Erie,? 
,and Bait ,& Ohio, are 10', 8 '.and 9'30', respect iva 

first being a reversed curve, 
irrow Gauge roads h^ve rarely used radii It^ss iha 

ft.,aUhojgh a few have ■^•^:<i as small as 193 ft 
SWITCH BACKS.- In the early days of railroaaini 
itch-bachs were used with oui^pirative frequenry, 
they would often bridge ov->r a difficult piece o: 
4tioii with cheap on..^truot ion; but they hav« grad- 
ly come into d ij5 repute, so that now an 

Inertr will use sharp curvature and lieuvy work lai 
tnan put in a swi tch-tock,ex.'>^pt for the lightest 
ffic una most difficult co-^ntry 

otjwction"' Visually urged i-ive- 
) .Loss of time ai.d en.H'gy, 'ir.d wear of rails aii4 
ling stook, in ato[jping. 
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C.VI.%7£.(i8l.F.7.1 SWITCH-BACKS 
(b^.The diing-*r of rjri. ing off iha *»iid of ttie swU( 
back wiieit iiis dppi-odoiiing iraiii is not under full 
oontrot. 

<o).Tli0 Inoftiiisud dsingsr of r>jmtlng off i:.ii traok 
Ifi 'backing uu the syrUcn-taok^as an ^ngitit wili i;Oi 
Veep tiie (rack as -mU running >}tiokt«ardld aj forwart 
iior d train und'^r ':o:^pre bs ici: an vidll 33 ou^ under 
t<»nsion;wnili* in oase of ar.ow or oln^r o\:3i:-josioi! 
titdre l5 no siiow.ploK or outv* oatohtir 10 clear liiv 
ti-dck. 

r^ia vertical h>)ig.'. to wi.lou j. train oouH lia lift 
■id, if frlciiojil«Ds,l;y the ftnergy du* to dlif i'->nt \ 
locl'.ws can t«* f j.nd f rem Tal>l'< .11. U incl-id-^j 
\,'A<a rotative en^r^y .'f tfM '.'h(iel;^,^'ijumtid to b-t 3.1 
tor pa.isangar and Ijatbd fr<«i(i.i. tntn::. Vcout 4!* 
slioutd be add-4d to t i«» 'idbla for trains of enpty fl 
ur ooal odrs, 

TA;:.!.,. XII . 

H-f tgtit 
in f*>wt 
^2.30 
31.95 
45.49 
58.30 
7 1.89 

The cost of HastifUj l;iis m^rgy ty -stoppirig. itm 
train will be aboui tia sajce as tnat of tiie e^uiva- 
l9Rl amount of rise anU fall.wnicn Is given in S77, 
allovranos beinj maite for tna distance run in making 
tlie »iop. Ttie cost of th^ otiier items in fa) , fb) , 
(c),caiino'. be as -easily oomputed; tiiey in part uijan 
Bore oarefuX liandling of trains wlUoti does not in- 
crease cost, and Ii; part probab"ly dtraot outlay. 

Switcn-backs are advocated by Wellington for lines 
of light traffic. iiavmg altitude:^ of over 1000 tam 
above aea- level, d^ avoids (a) and (b) by putting 
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ii.,tain;.?iit to th-5 up tr loV bey^nS tlw frog, a vartl- 
^■j1 curvH at tt sujiicuiit dt:itai.ce (roa tiiti frog t* 
1 ••- ou ^ loiig -jp freig;ii,ai say 10 mllia an Hour; 
^he curve ilwii \)0coBiiis s'.A^p^r and ai!*9p9r until 

|*ufficient heigM h;3 been i-oou-nad lo atop nijy up , 
-r tn wiui BVeaia on.ly lifiiijg Ui- ooiaer of grav- 
ity above uniform grada lin^ %n amount as glvonty 
T*jbl9 >:il;or to .-*-op any lur.dfay down irdi:i with 
tl.fl great^3t vhIocUv wiiion c^n ba dC()uir-4d in oooh 
ing from m-^ upp-*!- ?ni of tne .s»jtoli-baok,by lift- 
irig Its c-?ntflr of gruvliy abow a horizontal. An 
automatic switch is u::.--:d Khich is always A>ti ao as 
to hold down iratnb, unless of'Tai^d at the will of 
tht# •.-.){inT» Jriv-jr by a proj-»ot.ing lever an lh«» 
dow:, irsin ''iiftiii. 

fa) cjn b"- r-Jduc-*a by makm*^ ihe swlich-liacli 
or poi'.ionj on w'Jch ih-^ engin-? runs tackTi'ard^aliort 
and frad from sir^rp curvt?.'. Tfi« control given of 
runan'iy trains shoLild btj a, 3ullicii*nt co^'p'Ju^iiation 
for fc);a3 tfi'^y nav« ciur-td Bji-w very .i-*v«re acci- 
dents on roads wi'.ii louq cov.iiiiuous grad-^.i. 

If w^ accept the above couolofi lons.we have nothing 
left Tor ttie increased cost of operating switch- 
backs under tlie oouditionj assumtid over :uat of ooii- 
i inucus olignm^nt . 
7d.RISE ^^'D JALL.- Under this !iead are Included 
the effecta of gradients due to the increased pow- 
er required, and to tlie increased wear and tear;not 
their efleci in iimiting tue *oignt of trains. 
Rlrre and fall ra^iy be divided into 3 oladsesi 
(al .Cn grades 3C Ugnt or bo situated as :iever to 
require t:ie u»e of brakes, nor viriaiions m btM ^H 
:;teaiii jupply of the engine. ^H 

'l->. On graded heavy enough to re^uir-i t::e :,llgMI ^ 
usf ,o^_ "'■"'v'^Sr :Jhiitting off ateam^or both, in dfl- 
acendiiigjbut not such as lob-; a serioua lajt u^-ou 
^^)rf engine in a^iuending. ^^ 

B^).Oii i»a^i;/rjm grades, ret^uir mo the full yower O^^f 
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Iha eiigina in ascending, »ith ajre or lass use si 
•and.dMger ot slipping drivers, and tha u3« or 
Orakss in descondin!?. 

ha resistanoa in pojnclr! c^r ion duo lo any grade 
In par cant, or in fasl pc r tjlalionffroin slmljar 



I 






This assumes that wiihin 



(19) 
- limits o{ praotioa, 
M to 4j;,or possibly C5: to ICI.tha distanca will 
M tha s3:im whether moasurad ho vizontally.or alone 
tha inclined road t^d. 

The re'.istano? /rutii friction, ato. , on a stroight 
and laval track, ia Ibj.par tun of 200016s. a: v all«i 
r hour, is by .i:earl>' formuifi: " ^ 

i'A.BS*.00&i!,7v^---^Mi2S3v^lwl ,Bng.and_tan(l?rr W 
*• groSL -*'aTght"6? train (SPj 

iTabulating thia for an avf.raja train, and adding 
fche equivalent grade of repose in JS for e-joh vslu, 
)iy: 

TABU Xill 
R g V 

10 O.SC 1 60 



10 
15 
20 



C.30 25 
.3S'J0 
.■10 1)0 



13 



.1)5 i 60 



70 



p. 


s; 


30 


l.iO 


•15 


2 25 


ao 


3 00 



Ths r^:il3taii0i? is. thus see.i tu increase slowiy wUh 
'.he sp'^rfd for "luw i;peed3,bu'- .ault6 rapidly tcr liC^H 
ones. As the tiirs in whlcti this lesistanc? miist t-- 
ov&rC'Jii;e ly inversely as the- vpeedjthe work pci- ' ' ' 
liin^ roq-jired of the engine it'creases fa3*.er \.hc.n 
the ^peed;e.g. , tie >io se puwer required fur 70 niles 
per hour o:: a ycraiaht level track «=(3.00t.3i.J) x'70 
^10) *70 iini£i^ that I'^q'jirGd dl 10 miles. 
Bin haulin? a irain over a stftigfit traofc on a ur.l- 
^um ^c^'i9 J veloclt,^ will »u i.i ba reaohcd at whloh 
^K work dD.k£> by thc> exparvsio^'i of the steam will 
^Hst lialence >-9 r'^'v.iatancci.g'iving uniform 3pued. 
^B now a ti^i^ i.i th& ^mde line occiars,the profile 
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!* '-h- ojgh without ohar.ging the throttle. Ih^i cn- 
' argy e-.'C: to the fall will be stored cp as increased 
vBlop?-'. ■ -M th-j Tjottoa.ta "be ae&ia fiven out en the 
ftssent, leaving tb© veiooity the saiui ft.s thcvgh thorc 
W£JT3 no 5sg,*iXC£pt for the sUghtiy i.-icrrr.::od r^-tis- 
taaec d.;c to the greater velocity at thr hcUoK. A- 
gala, If a high point occurs, tha profil': .'^gain return- 
ing to thtt uatfcm graCs.the inoreased haight will 
t>9 ov»rcrr.? by taking the energy stared up in thQ 
train, reducing the velooit-y^whieh is restored in do- 
scsRdlng to ihe straight lino. 

It is evident that to thus run without toL-diing 
tLrottle or brake, the sag nust not ha so deep that a. 
dangerous velocity would bo acquired a' ;hj br.ttoa, 
rr the hunmockso high that all velocity wsuld be 
lost before reaching the top. 

Tho speed 0* a freight train cannot fall much bflf 
10 n'les per hour without danger of staUingithr. 
^i^3 vclocUy is froB 15 to 20 mllesiwh: is the oaxl- 
ni:m can reach about 30 miles at special points i/lio;o 

hore (s no sharp curvature. Assuming a velocity ci 

pproacli of 15 miles per hour .Table XII wiU alV-^vr 
/?*£ sag of 31. 95-7. 99=23. 9Sft. before reachlnj; SCI 
.1 lesjbut a rise of only ■7.99-3.55=4.44 ft.b<ifor« 
hopping to 10 miles per hour. 

For freight traffio then (a) would bo limited to 
.a,-53 c* about 20 ft. below t'.i average grade lino; 

hilt-scwlng to the danger cl o.pproaihing a rise at 
ioss than the average speed, It should not be applied 
to elevations extending auch above tho average grcde 
line. 

Should a dapot, water tank, or any'thln|T requiring a 
atop, be afterwards placed on tl^e sag, tha rise and 
fall would be transferred to (b) or (cl . 

To prevent any part of the tr'^.in from "oelng thrown 
into oo.3pression at the bottom oL a sag{train 1200 
fa«l long) when the rear end of the train is on OBj' 



Via, 



oil ^ 
ro^H 



0)^ 



C.VI.S77.f2CKP.7.) COST OF R. AND FALL 87 

slepa end tne fr^n*. ^m rn the othe-r.a vortiof>l 
our\'c Eho-ld be u:.jd w.^ "".■ Icngt.i =400 ft.fcr each 
L tenth jl oftaags ':i rete of greda, or w^ioh changes 
I .025 por 100. A- change of O.QS per 100 will prevtni 
C-riprscticn in tht front half of the train where 
tfcar- Is xost ds-nger of "breaking the couplings v.*hon 
the alaci is taken out. Nothing sharper should be 
used in sags exctipt for shorter trains and high 
speeds. On summit curves a change in rate of O.Iper 
XOO can be usod. 

With the higher rates of speed of fast passenger 
trains, undulating greets have a nuoh less effeot^as 
ocy "be seen from Table XII by noting the changs in 
height due to a change in velocity of 10 niles an 
hour at different velocities, or the virtual gr'.^e 
corresponding to acquiring a velocity of say 50 
Biles an hour (86.75 feet) in a mile of distance. • 

The long grades upon which it will be necessary 
to apply brakes, or which will be classed under (b) 
or (a) can be found from Table " XIII. Thus a 0.5X. 
grade will give a velocity of only 25 miles an hour, 
s*lrtom requiring brakes for freight trainsja 1% 
grade will give a velocity of 40 miles per hour, not 
dangerc'is for passenger trains with air brakes If 
there ana no sharp curves. 

The distance required to acquire a given safe liait 
of ep-:rtd without steam can be quite closely found 
by su'jti-acting the grade of repose for the average 
apeed-or spoad of approach, from the given grade, 
and noting how uuch distance will be required on 
this new grade to descend a height due to the dif- 
tersncein velocity, Table XII. Grades shorter than" 
this oan be dsscended without brakes, class (b) . 

77.0031 OF RISE AND FALL.- The increased fuel oon- 
SUJEpiicn for grades of class (a) is too small to 
"be estimated, the increised amount burned in going 
in one direction being praotally saved on the r«#« 
turn,exoept for the slight it\otaas% ol U\<a\V^'«"" 
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rosistances due to variabls velocity. On grades of 
ola.s (b) an engine will burn f/ora one-third to one 
fifth aofE fuel in ascending one mile on a grade 
of repcsu assumed = 26 ft. per milo.and ihcn descend- 
ing one aiiio witlwut steam, than in running two mllos 
on a lovel. illowing one-third, SO feet of rise and 
fftl) will waste an amount of fuel equal to the av- 
£;rap,'d ccnsumption per mile of track. On ^rados of 
oless (c) the wastage tor 26 fiffit of rise and fall 
will equal the average oonsumption tor cnn mile. 
The other items are effected as below. ^ 

TABLE XIV Estimated cost ^6.4 feet 
of rise and fall of classes (b) (o) . (cost per train 
BlU « $1. ) 

Item TABLE IX % inoreaae Coat 

(o) ib) (o) (b) 
Fuel 7.6 100 33 VS. 7.6 2.63 

W»tQr,oIl and waste 1.2 50 20 0.6 0.24 

hepairs of engines 5.6 4 1 0.22 0.06 

Repairs of oars 10.0 4 1" 0.4 0.1 

Renewals of rails 2^0 10 5 0.2 0.1 

Adjusting track 6.0 5 0.3 0.0 

i.mewing lies 3.0 5 0.15 

Earthwork, ballast, 
Eto. 4.0 5.0 0.2 0.0 

\ Total 9.67 3.03 

Per foot of rise and fall .S66 .IIS 

Per toot of rise and fall per daily 

train frour.d trip) $2.67 50.84 

If the rise and, f_al_' be on the maximum grade, wheth- 
Li- "if "olaiis" (b) or (c),the wear and ^^^- of rolling 
stock and track v/ill be so increased as to add at 
loa-jt 3.0 6 fsT train mtle to the cost of 28.4 feet 
of rise and laU, giving the following: 
Cost por daily train per foot of Cla 3(0) CUss'l 
rise and fall on minor gradients, 
ftS above $2.67 SO^ 



so^^ 



s^^p«^^ 



0.83 0.83 



$3.50 $ 1.67 



Adding to same if a ruling 
iradient.dua to extra wear and tear 
on ruling grades 
Giving as ttie oust per daily train 

tpQT toot of rise and fall on ruling 
grades. 
A foot of rise and fall rccans a foot of ascent with 
its corresponding descent. 

CUss (e) is not included In the table as no Item 
of expense can be directly traced to lt;still as it 
causes variations of speed it >vjll be safer to as- 
sume the cost per foot at from one-fourth to one- 
tnfrd of that of class (b) . 
78. RULING GRADE.- The adhesion between driving 
whe«Is and rails, a:j fixed by American practice, Is » 

follows: 

1 .Ultimate Halt, favorable conditions, 
"loads over lOOOO* 

2. Working limit wnen sand is used (V^) 

5. Working limit, ordinary siimmer weath- 
er and maximun limits for wheejs 
loads less than 10000* i'4 

4<Korking licit on noist or frosty rails, 
which limits winter trains (V 

5.After the wheels havo bonunenced to 

Slip,l«ss than^t ,„.. i'Q 



O.i0' 



In ■ gra'^des\o.35 is assuoed for adhesion, 

and e« p-^r tJa'^for rolling frictioi. (speed 20 miles 
an hour), with steam generating and cylinder power 
sufficient to utalize the adhesion. 

The tractive pover for different engines is giv^n 
below- 

Tractive pow-Totai w't. Ratio 
Engine er='<,w9ight InSl'g .w't. 

on drivers 



tender. 


totrsi 


in ser- 


live 


vice 


power 


tons 





Jilt American 

>rage Amoiioan 

pit Tan- Wheal 

{hi Mogul, Average, 10- )». a 



INCREASED 


WT.OF I 


5 


S2 


6 


. 58 


7 


60 


o-R a 


64 


9 


67 


10 


■70 


11 


75 


12 


80 


13 


87 



age Mogul 

( Consolidation 

Ige Consoiidatloi 

1,(1357) 

r Kastodon 

I Consolidation about 

I Switch Engina 

weight on drivers) 

'ind the gross load which can be drawn up 
'inultiply th» grade in p*«i- cent by 20fde« 
wid 8 Tor the total reaiatanoe per ton;div 
ilva potvOT by this for the groas loaa;subt 
1 and ittnder tw net load. 

for a light Mogul on a 1% grade; 
lance due to grade^ZOxl «20 

Ig /riction -_. g 

Total 28 

6*2000+26 • 57» tons, gross load 

572-64 -508 .. .net 



lould be noted that this is fur an actual grade, 
le increased by unreduced cuivaluro or by a stop 
at the fjut of tne gra^e.iior one so sliort th&t 
t be Jecreased by .nomentum. 

lis way the relative number of trains rbqulred 
given business, or ;he relative engine tonnage, 
I found for different grades, as given in Table 
for an average Consolidation engine having 11 
ractive power;ot ter patterns of freight engines 
lake no practical difference. This increased 

tonnage must be mot by increaiin^ the weight 
ines.or the niiiobttr of engine trips, 
ST OB' INCREASING THE WEIGHT OF EMGiyeS-- '"I^* 
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roap-T 0031 due lo inore&sing ihe wcign; and p i>*f 
t-'f £'.:;lrios to haul ibe sane trains, due to inoreas- 
la grad-j^.i^y bs fo'jnd tts follows: 
The e:iClmate in ^66 tfiat from one-half co tnrae- 
Tourths the rail wear is due to enginas and ibe r«* 
Bainder to tha card, would U«U th« variation in oost 
»f ma'.ntenanoa of ifay to about 251 of :h4 variation 
In wftignt^ of engine. The r<>cord3 of the Ptfnna.R.R.on 
»ba wear of rails on grades ^end to show ttiat froa 
»ne<hair t.0 iwo-thtrds the wear vat ies with engine 
»onr.a?9, thti oar toruiHife re&ainiiig the saaa. 

The cos: of track surfacing and aligiitng is oore 
hffooted by engine tonnage than rail wear, tie rene*- 
kls not A-j muuh. Half the total coat of ralls.bal- 
tast,tls::,eto.aB shown In T^ble XV ts assunMd to vuy 
fith w^i^hl of engine. 

Th« Cbdi of fuel will not be largely ir.orea5ad;the 
inoroasod resistaiioe due to Increased oaxlmutf) ^rade 
rtll or.ly be lor a portion of the dis-unoe,>hiie the 
|arg<!r engine will be sore eoonoaioal not being over- 
ttrkid. Suoaing up: 

TABLE XV. -Cost of doub- 

Ing the Weight of EnglMt to haul the sa^e Train. 

Itea Table IX X increase Cojt 

'tl.wcMer and waate 
»iglue repairs 
enewals.rai la 
4jU8t:ng traok 
VncvmtSj ties 
crthworkiballast^ato. 
-Mltches and Sidings 
xidges end buildings 

Total 
^lle s?.'gh"^?.y increased oost of doubling the weight 
► J 6r.r.lr.i '.c hiul the sanw train, shows that It Is 
tprnp. -• 'b p.f .4unis the u30 of hQ&vidr engines (or 
i,:av:.c; ^-£_'j-.,a3 ^oonoBiy require;- the use of as 
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heavy engines as me traffic will warrant on the 
lower grade. An excep^iion to this may, perhaps, be 
BaddjWhen :he grades are so light that even a light 
•ngine can haul 60 to 60 loaded oars, or as many as 
can be cor.veniently hauled In one lraIn;aiso,ip.hBn 
the traffic is so light that it is not convenient 
(0 run very heavy trains, as when there are less tftan 
from 3 to 5 freight trains per day. 
The present tendency to increase the weight of pas- 
senger trains, and thus afford more luxurious aocom- 
■odations,i3 seen by Table XV not to increase run- 
ning expenses very largely in requiring heavier eii- 
gines.and ity §67 not to in rease coal consumption 
wry largely by using heavier oars:while the adUeJ 
travel Induced by the better aocomipdations is of 
_p'«at value to the road. 

■^80. COST OF INCREASING THE WHB\l[^ Oir ENGINES.- The 
^bftorease Is supposed to l>e due to an increase In the 
^^BximuKt grade, the traffio remaining the same. As thh 
^^Vade will seldom e^ftend over f^ove than one-third of 
l^me division, tne engine Kill run lighter than before 
ovar the other two-thirds, and wiU only do full work 
on the one-third. As only a^oui S0/< of the fuel bura- 
•d varies wilih the weight of tne train, the doubling 
of the number as above indicated, nI llre(Juo6"^con3uap- 
lion per train Z^% on two- thirds^ ^30!8 on one-third, 
the line, so that the total increase will De 200% - 
33i =167^. The cost o( oil.^aste ?ind water will be 
Inoraasyd in about the same ratio. 
Station, terminal and general expenses will not be 
affected by small changes in the number of trains, 
but they will be affected by larger changes;about 
20/5 varying therewith. 
Statistics show the cost of maintenance of way to 
incrcaie about in proportion to train mileage, due 
probably to th^ bettei' condition in which a road-bed 
^ J8 Xept for a large train mileage than for a saall 
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Tha otner iteias ^^U1 ba a/feotod as be low t 

TABIi: XVI. Cost per train miU 

af Doubling th^ KumUr of Trains for a givan Traf- 

fio^due to i nore 1 ^' !:» ji grada. 

I tea 

rue I 

Oil««a3te tiOtd wattir 
EngiAd repairs 
Train wages & supplies 
Car aain'ce 8c aaiU^ai} 
Renowalp rails 
Adjusting; track 
H<»newals^tie3 
E^JtrlhworK, ballast, etc, 
Switohes and i^idir.^s 
Station, t«rmU& geii'l. 

Total 'W^ 

To this is to be added the interest on the cost 
Of one extra looocotive for one train milo. Es* 
tijoatiiig; the cost of the locomotive at about 
lOOOO timey the ou:.t of a train rrile;and the 
Interest at 6X a*? about 600 times, and esitiaa- 
ling the average pvii^engor engine mileage at 
40000 niieo per y^ar^we have as the interest 
ohargeper mile U7 

This valut) must bib used, unless it can fairly be 
assumed that the increased grade can be met by in«* 
creased weight of -nic;ine,a3 already indicated. 

Honoe ?.49^xS:55^2 « $ 361 .Si « 

the yearly sum per daily train per mile of road for 
a double engine tonnage, due to steeper grados,for 
the 3am(^ traffic. 

If Ufa Dultiply this amount by the iiicreasod engine 
tonnage lue to any increase in the fate of grade, 
found as indicated in 878, we shall tiave the inoreas* 
•ft cost doe to the chan^d.per daily train per mile 
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>ad or division. 
fA3LE XVII. Estinati9cl Value ptr Dally Train of 
ling- an addition of QIS to thtr Rata of any Rui 
trade. (Coat per train mile a3auru9d»$l .) 
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Inorease of grade is muoh lass on tne highar gradAs, 
iccausc the nuttber of trains is so njch greater, tha 
cost per unit ot traffic is greater as the grades 
are higher, as it naturally should be. 

The third ooluan is oomputed for a division 100 
miles long. For a greater or less length, ohang« in 
•llrect ratio with the length. Uttin* C = the value 
thus obtained, we have 

C^ no. daily ttains x tenths % ot change of srad* . 

^ -raTeofnhtrrasT " "* * ' 

capitalized value of any increase or decrease of rati 
of the given ruling grade, approximately. For grealei 
oxactness, determine the correot percentage for the Qi 
tiro change by determining the ratio of net loads foi 
the given engine, as indicated in §''8. 

81. TRAFFIC AFFl:CT1£D BY RULING GRADE, - When the>B 
are more than 4 or 5 passenger trains each way p«r ia 
they Mill be affected essentially liKe freight trains 
by chan^^s in the ruling grade, and hence they- should 
oe inclufkd in Jable xV'Il. 

When there are but 1 or 2 light passenger trains MS 
day, running at no very exacting speed, they may not bfl 
affected by alight changes In the rate of the ruling 
gracie . Decreased spded will ailow of hauling the sasfl 
train jl' a" steeper ftrade,by reducing the friotional 
resistances, see Table XIII, and by giving the engine 
greater cylinder and boiler power. Thus a reduoiton 
from oO to 15 miles an hour will by Table XIII rs- 
duoe the resistance an equivalent of 0.6S— 0.35 •• 
^0.3% grade. 

W^en there are from 2 to 5 j-issenger trains per day 
about half their numoer may "be added to the frei|tit 
trs.ir.s,in estimating changes of rulin? grade. 

BR.i'.^RlOT OF A DIFFERENCE IN RULING GRADE ON COST 
Of 1jIST;.?/CE,CUHVATI:HE,AND Hist, AND FALL.- Usually 
in Ci>.;;>iring two lines which differ in maximum grade, 
thsix: v-ili be so much differenoe that dif terenoes of 
ralignment will not need considering. 



1 



^r ^'.'t .9o«». ta^' .1 ./.I. iwM4-.i:an LlitiiNtb . 

' In cases where they do need coosiderinf: 

Estioaie the co3t of distance, curvature, and riM 
«nd (nil fof the cslinated ira/fio on the low srade 
lln9. 

Make the some estimate for the high grade line for 
the number ot trains required to Bove the sane traf- 
flo on the steeper grade. 

The difference can then be taken. Strictly, aino« 
the traffic is assumed to be the sane, and doubling 
the number cf trains has been found to increase the 
cost only AO.b\ the cost per train mile in the a- 
bove coraparijon would be as I.OO to (1.00 ♦ -'9.5> 
♦ 2, sC*.?;", for a double number of trains, and propor* 
tl(7natcly for a less number. 

Again when trie two lines are aoout equal in value, j 
and the company is 1 able to be embai;assed for a 
few years after the completion of the roid, take tlw 
line of lowL'St first cost;while if there is no dnii* 
gar from this source, take the line whioh offers tbv 
ausi promljing: conditions for future growth of irtf- 
flo. 

It Is olaimed that O'Jt of a h<jndred men putting ft 
line thruuflh easy or difficult i;ouniry,but ejpftciall 
through e33y ooantry.ail but -i or 5 hiU adopt rulea 
of grade from 10% to bO% or r-v-?n 1007! higher *.haii 
•he othAr S will obtain at tho ^ame co^t;and sinll&y 
ly for th^> amount of curvature. 
8S. ASSISTANT EN'OIWES.- Oftp:; the tojjography of a 
country is such thai low-^rados and chnap construo- 
tion can be fouiiU for a larpt- portion of a road or 
division, biv putting in a f^w mtles of heavy grades 
and Gx.isivnve construe, ion. I'h^ total cost of con- 
struction will usually be much less thai: for a unf* 
form grade Une;whlio,if thf> :^t,-ep grades can be 

concentrated so as to be worked by assis- 

I ant enff\;.e3,the cost of oper^iing may be equal or 
yen li"ii ih^n on the uniform grade. 
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Tlie Increased train loads and ooK:equent 


reduction 


In enffi 


ne milea£:e on the rest c 


f -.he division cott- 


pensatl 


nf in whole or part for 


the assistant en- 


sine ol 


leage. 








The grade up which two engines can hau 


a train. 


which onr- engine 


has hauled on 


a lower g 


ade.oan 


be found by taking hair the train proper 


as the 


net load for each engine, and fl 


nding the 


correspond- 


inp g-rade as indicated in ^78. 


If the assistant en- 


glM has more we 


ght on its drivers than 


the other. 


the train load would be divided 


proportionately to 


these weights. 








tkilE XVIII.- Balance of Grades for Assistant tn- 


gines. 










Through 


Net load 


Grade up which 


the sane 


train can 


grade 


average 


tte hauled by 


the aid a 


f 


one 


oons'd'n 


1 Pusher , 2 Pusherf | 


Z- pusher^ 


nfine 


(tons) 


1 


1 




•vel 


2675 


.38 


.74 


i.oe 


.08 


2370 


.^7 


.37 


1.25 


.10 


2125 


.57 


1.00 


1.41 


.» 


1936 


.66 


1.15 


1.S7 


.20 


1758 


.75 


1.28 


1.74 


,2» 


1618 


.84 


1.39 


1.39 


.SO 


1436 


.34 


1.52 


2. OS 


.35 


1392 


1.05 


1.64 


2.20 


.10 


1300 


1.12 


1.76 


2.35 


.4S 


I?20 


1.21 


1.88 


2.49 


.50 


,147 


1.30 


2.01 


2.64 


.60 


1025 


1.47 


2.24 


2.92 


.70 


326 


1.85 


2.47 


3.20 


.80 


342 


1.82 


2.69 


3.46 


.90 


771 


1.99 


2.91 


3.70 


J. 00 


71) 


2.16 


3.13 


3.95 


:.io 


658 


2.32 


3.33 


4.20 


i.no 


612 


2.48 


3.65 


4.42 


^l.SO 


572 


2.64 


3.73 


4.85 ^J 



83.<!?0l.P.7.^ ASSISTANT ENGINES 
e XVni.ccntinuea. 

535 2.ai 3.93 4.87 

504 2.06 4.13 6.07 

475 3.!3 4.32 5.27 

435 3. 15 4.6S 5.6S 

383 3.72 5.03 6.04 

318 4.01 5.35 6.40 

318 4. 'At 5.67 6.73 

?32 4.57, 6.00 7 05 

•>Q9 4.86 6.30 7.34 

?19 6. 1(1 6.58 7.63 

4ibov« iv tov an auh^^ion of 0.25. Fur an aclhe- 
of U 20, the piiiar erades in the second column 
ispyndin^ to O.Oj 1 .0, -?.0,3.D, in the firsi col- 
lill De 6. 52, 2. 08, 3. 5-', 4. 75, respectively, slijht 
ftions over the values in the tabife. 
^U3h£:-s -^hO'jlJ only hy assumed to be usett witti i 
IgG traffic, or with heivy grades. 
»r'i will usually iv required for heavy passen- 
.raffifl wrien sj-ved li. requir«ci:li?ht passengar 
'ic car ii:,ually toe optiMled without :nero,espec-* 
t if dLniinistied rd$is:a:\'j« and inci't^ased cyUn- 
luwer car. be utilized by r*^ducin« the speed of 
tftins. Passenger uitffic v'xy thus be beneiuied, 
.hcr*i5e,by the pushev grade. 
19 1 ecomm^nded that tne puslier srade:^ be maiie 
I 10? flatter than gncn b;, Tablo XVIlIjif it 
!• accomplished at re'i5L>ri<iCile co'it. 
I ftlluw5 of a reUiictijn of adhpsion by bad woath- 
[ of roiling friction I'y slew. spfria,both of wftioti 
e ih* effect c'' the hi%:-. grade, wi ihout llmit- 
tr.aini trhioh can be h^jlci ovei th© lower 
of t.V' lif.a. If , however ji-he pushei- grade is 
I '.eyond .jfinrol at rsason^Ka co3t,:hsn the lowM 
( -wiouM b» miJo a iiuie°than by tr.e Table, 3o I 
Jii fciii certainly n.>v linui tne engine lonnaje, I 
br-^de should be reduc*iJ ai)ov« all stopping I 
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^VI.|84.r20).F.7J COST OF ASSISTANT ENGIKES W~ 
-ts.lhe amount requirad to aoquire a given spaad 
\ a given distinct oan Be found by Taola XII. 
'psistant enginas wlii average about 100 niUs per 
".if th«re Is opportunity to run that distanae; 
J stiles is about a maxiaum. Two snslnea would. 
irefore,have to t-^ asauaed (or a mlldage betw'Ar. 
' anti 200;Khile lor ovar 1^00 mtUj.it will oo ^^st 
^ flssume an engine (or eaoh 100, and on^ (or IM ^^ 
In 0( a 100. ^H 

ilth very light traffic, pusher grades oan oe ^| 
^Ked by cutting the trains in two, and taking each 
ption up separately. A siding should be placed al 
I and bottom. 

«ner grades near stations can often be worked 
loouuection with the yard work of switching, etc. 
pusher grades, .<> or more, perhaps, :iii les ap^rt »ill 
^Obably be worked as one for convenience, so that 
toy should be so considered in estimntlng' iuile3?«. 
ain.a grade near any considerable station v.ill 
tiably be operatei^. as though it extended to the 
stion,and should b so considered in estimating 
mileage. 

84. CO-?I OF ASSISTiVNT ENaiKliS.- This may bd esiima- 
led as follows: 

Direct running eApeases,(uel water oil, re- 
pairs, and wages per iJile of round trip 41.6tf 
Maintenance of way 35.0 
Total cost pep mile of Incline for roand trip~76T6?** 
Or, per year, per daily train, per aile of incline 

• ''C.766 '^ 365 » ^380,00 

This assumes that tlie engine can be run (roa 80 to 
1 '0 miles per day. If the distance is much below 60* 
i-..» shortage should be estimated at about 82 per mils, 
il:- cost (or keeping steam up and the engine hands 
idie, 

Jiv fir I cost for pushers should be added to the 
coniitruction account, or the Interest to the operatja 
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aooouat,|or i.iw high grate I in*. 

In eoBp icg & pusb«r gr&d* lin* »i»:. one ef uni- 
torik grad»,tor I'm aaas &r&ftie»w» toavs in faver 
tne fcraer a loiks. ruling ?rad«,t)ia value of vbi 
eaa be ooapuMd >y 9§80,Bl:«nii oppoaad to it iIm 
cost cC itaa aasisient dn^ir.* Mr\io«,i^ieh oan te 
ooBjMtad as Jusi indicate 1. Cr,aar« siaply.tha an- 
gina Bilaaga can be ooaputiid for ttaa two easas.aafi 
(ha Aiffaranoe aultiplivd b.. tA« portun of tb» s^l 
par train si la vbioh inoreasss *itb an^ine aileagc- 

85.BAL AJf'CS OF GRAXS FOH WEQUAL TRAFFIC- Ca aei 
roajs kba fraight traffic in ona airactior. is baav- 
iar than tnat in ttaa otr.«r;tIi« dif:«re::ce baing li 
farant on diffarant parts vf tna line, and at diffa: 
ant tiass of tba yaar axce;.**. {or lines eonstructad 
for Binaral or other specific traffic. On roai^ »b< 
thia inequality is oertaKi to exist, tbe grades oppc 
ad to the ligtatar traffic ca.-. be aade heavy ecjuga 
to utilise tbo f-ll power cf the enjiae wrr.c--. af- 
footinf the engine tonnage, except at ti»e3 fc=ier. t- 
noraalratio is disturbed, a:.d »ith only trie slig-:- 
ly increased cost due to the rise and fall cc..*urrir 
on a ot.eper grade. Suet* a ohanse will oft^r. effee: 
» great reduotion in tne cost of construe:..::. 

TABLE XIX.- Qradss for I'nequal Traffic. 

Grade- Return Oraias offering an e<|ual engine 
opposed j resistance if the gross weight of 
to haawicars and load returningist 
traffic' I .88t .76 • .64 \ .52 , .40 .28 
% btatio cf return f re igntrr eight Coal cars 
lonly to that in direc- «ar8 re- .r-:urr.in§ 
It ion cf heavy traffic iturnirig ^npty 
b 9 0.6 iC.4 tC? enpty 
Juvel ; .CS; .08 ! .15 ! .J» I .46 :'.S4 



.14 .^1 -30 .'.5 <69 *.-•« 

.2 .J» .34 .46 .63 .92 1-44 
•S .37 .47 .61 .61 1.14 l.^S 
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Tttbl« XIX continued. 
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.4 


.48 .60 .75 


.98 


1.35 2.0^1 


.4 


.60 .72 .90 


1.16 


1.66 2.27' 


.t 


.71 .85 1.04 


1.33 


1.77 2.54 


_ •' 


.82 .97 1.19 


1.50 


1.98 2.79 


1 -0 


■ .93 1.10 1.33 


1.66 


2.17 3.04 


i ■» 


1.04 1.22 1.48 


1.83 


2.37 S.28 


1.0 


1.16 1.36 1.62 


1.99 


2.56 3.52 


1.8 


1.37 1.60 1.90 


2.32 


2.94 ' 3.99 


; 4 


1.59 1.84 2.17 


2.63 


3.31 4.40- . 


i.« 


1.81 !?.C8 2.44 


2.94 


3.66 4.aaM 


1.8 


2.03 2.33 2.71 


3.24 


3.98 5.1PI 


_ 2.0 


2.24 2.S7 2.98 


3.54 


4.32 5.SS- ' 


§ 2.2 


2.46 2.80 3.2.1 


3.82 


4.65 . . 5.88 


■ 2.4 


2.68 3.03 3.49 


4.10 


4.97 ■ 6.21 


■ !>..» 


2.89 3.26 3.74 


4.37 


5.20 6. S3' 


■ 2.8 


3.11 3.50 3.99 


4.64 


5.52 6.83 


■ 3.0 


3.32 0.74 4.23 


4.91 


6.80 7.10 _ 


■ 3.5 


3.86 4.30 4.84 


6.54 


6.46 7.87M 


■ 4.0 


4.38 4.86 5.44 


e.ifl 


7.10 6.4l4| 


■ IXMsa 


2 lbs. per ton 


'T^ 


fulling 


0.4 0.8 1.2 


1.6 


2.0 2.0 


friction 


'.' 






Xrom Amp. 


'■ = grade per cent 


J 


ty oars 


0.02 0.04 0.06 


0.08 


0.10 o.ioM 


This Table IS oo«tputiBci fof^ an average Consolid*-^ i 


tion engine, but it' IS piraotioallj 


> oorreot for all 


classes. 


Rolling- friction t 


or empty cars is assua- 


•d to be 


2» per ton greater 


' than 


for loaded ones. 


For a ttenerai freight ti-a/fio,lt 


is estimated that 


to redu .e 


these return grades i>y 


from 0.2? to 0.3* 


below the 


exact disproportl 


on of 


the Table will be 


worth abo 


Mt half as muoh as 


if they were liuiting 


{rades;du 


f to variations in 


the disproportion, and 


H«o the im 


Gracticability of 


runnina- all the oars 


■fully loaded in the direction of 


the heavy traffic. 


B It is qu 


i te clearly eatabl 


isheJ 


that the burden 


Kt traffi 


Will always be towards 


a manufacturing 
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or mining cenier^ and awMy from me ^hipper^ of 



n 



heavy ccriala 

For passenger triffic the graded should l>e equal, 
or tha above return «:r^de wiU be the ruling grade, 
86. CURVt CO^PINjATION.- The praolioa of reduoms 
, maxiniuiii gridss on curvt.:) has only baoome oounon in 
recent y«ars;tt is far from universal aoM. Curve 
resistance is nut kiiuvn v<^iy acirurately.whi le it 
varies aonsid«ra'oly with the coudition of rolling; 
siook.sptied.elc. .11 «=> aiujant of oompensation snouiti 
thus va':^' soiuevihat wltu aircuaistanoe3,a^ below; 

1. With s:iori grades, or uiidar favoring lopographi- 
cil oondu lons.cota^ensat'^ is Liberally as possiijle 
up to O.IS per degree;the object being to preventtvi 
11211 ting effect of the curve under any otrounstan 
o«s. 

2. Where speed may be ver- lowland hence invaria- 
bly ai or near Known stopping places, 0.1!t is proba- 
bly none too buoh. In general«O.OSff \ivi' l''<f per 
ton) is ample, while for t<Ail trains O.ORK ^a 0.03^ 
19 probably sufficient. 

3. On seo&iou3 wnere curvi^s largely predominate, 
give ample compensation, it Kill do no harm. 

4. On sections with Uttle curvature it is less int* 
portant to have full oonp«usation; if excessive i^H 
will du most harm. H 

5. When tbe oompensailon necessarily increases th» ■ 
rate of grade on the tongents,no more than 0*03X 

to 0.047 should be used. 

Q. On minor grades where the total resistance is 

less than on the ruling orade it is not essential 

to compensate, although it perhaps may as well be 

done, especially if it will reduce the cost of ooi 

struction by reducing the lieight of a long till ' 

the oepth of a long out, 

7. I i. is not essential to limit the compensation 

to t^e exaot ends of the curve, the nearest full 

ktai on either way answering as well 



C.VI.i87.f^).F.T.) HAXIMl'M CURVATURE Jos' 

6t Curves imunidiately below stopjjing plaoas for all 
trains nfiej v ; oompensa'-icn. 

9. Th« rale ol oompensat ion s;.ould be unift^ra per 
^^V9Q for dU curves. Or It Kigiii te sli^hily re- 
duced pfer degree (or ojrves over 10* with no "Oad 
rftsuUs. 

87- K^XIKUK CURVATURE.- The direct cost of curva- 
ture, wiiicn is i;ot 30 snarp as lo limit the weight 
of trai.-s.is praotioally the same jr-er degree of cen- 
tral a:!^'lG, Indijpendent of the radius. Short radii 
•jsually inoreiise distance, which is considered uiid^r 
,..e pro-'er head. On the othe r Jiand.tliey inored^e 
tr.d lot.gtii of short tangents, dilowing; of better con- 
necting curves . 
The ajDovjnt of curvature introduced upon a given 
Hati ar:d its aharpnesa, liite t.-.e rate of ruling' grade, 
•fill depend as much upon study and skill in location 
as upon the t-pography. 

Curvatur. isa*- have a lioiting effect by preventing 
the ruffnip,? o: fast trains or: ticnouni of tne neces- 
sity of frequently oheoliing rjoecd.or maintainingloi* 
apeed fvr cor.sidar;\Vle distances when tlie sharp 
curves are near tOj^v her;or,bv limiting the weight 
(jf trains by offering more resisiano* than the rul- 
ing: grade- 

The foriiior may be of so much importancfc on lines of 
leavy p?.j<^ffnge r traffic as tc reo^uire a. lov limit of 
ourvatiire. 'j3y not more than ?" to 4°. 3*-ill this is 
a quest ic;i itore of amount and ci'spositiyn than of 
actual limit, for to vlow dowr, tc'-r e sir.g-Je aharp 
ourve on a 100- mile run can ha-.fc but an inappreci- 
able efftct upon the schedule tiroe.whila '.o slow 
.-lovm. for l;"* curves eve-n of lor.ger '■adiiis would so 
.'ene'tnen srhedule time as to [jrc-'/ent en'.ering in 
;ompeti'.ion Tor pasaenffpr traffic between two si'Oh 

f'ints ns e-o.NeK YorK and phUadf^-'phia. On distances 
several hundred mi Us the ouanges in curvature^™ 
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which tt would be possibli» to effeci within reason- 

«b!e limitu would have so slight an ef/«ot upon 

Ounipetitivt traffic th^t ii could almost always ba 

counterbalEinc^d at much l«ss cost 'by improving; tha 
appointnif nls of the sarvic*. 

Fur any given line the loss of time due to sharp 
curvature, as compared iMth an alternate, oan be com- 
puted and the money value of the competitive traf^j 
Mg^hich on this account ^>}uld be lost can then l^H 
estinated, ^^ 

The maximum curve r^sisiapoe mixy be placed at ?.it 
per ton per degree, or =0.11^ grade per .-k^rce. The 
curve which is oeitain to offer no more resistanca 
than the ruling grade can then be found 'by taking 
10 tines the grade in per cent. 

Again, should tiie maximuia curvature be Hxed.as «. 
g.on the Hudson R.R.R.,t):t» grade which will not of- 
fer a greater resistance can be found in per cent 
by dividing the degree of curve by 40. This limitii 
curve resistance to between 3» and 0.5# per degree. 

SuBoiing' up: 

1. There is no diffiouUj in using engines of any 
••desired power, and of efficient tyiie.on curves be- 
low 10* to 13*, and rarei.v any with any probable a- 
lignnient. 

Z, Roads are except ionil upon whiQb the probable 
loss of time from ^Icwtn? up on sharp curves is OJ^J 
much financial importanati. ^H 

i. The Hmit of curvature allowed by roultiplyinff *■ 
the ruUn* grade by 10 *ili usually afford suffi- 
oicnt range for using curves which best fit the 
ground. 

4. The differenoe in dan^^r of accident which i% 
liable to result fr^m thf modifications of curva-1 
■ lure U3ually possible is too small to justify in- 
creased eMpenditure. 
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(-'•VI.§88/?X)) .F.7.) CHOICE OF til^DIENTS 106 

f>. The d:nereneo in oost of operating- expenses 

per degT-je on curves of different, radii, 13 either 

Itro or ir favjr of sharp curves. 

6. The effect cf sharp curves is usually to in- 
creast* disianoe and curvature from the different 
location which naturally results. This however 
takes care of itself in the astinate for tnoreased 
distance and curvature. 

7. The standard adopted s.hould be in harmony with 
tVie. topography, ur.t i 1 the latter becomes so rugged 
that the ultimate limit of the locrnotiva at the 
speed required will be reached. This allows of 
changing the limit or. different portions of thft 
line. and of bunching; the sharp curvature at differ- 
•nt points. After 3 is passed the justifiable ex- 
penditure to avoid a siill further reduction of ra- 
dius increases rapidly. 

As ti~,e naiural limit is favorable, the Jusiifiabl« 
expenditure to obtain a 3till more favor'\ble liislc 
decreases rapidly. There is no case on record where 
a road has been brought to bankruptcy by the expen- 
ses resulting from sharp ourvature, while there are 
many which liave been bankrupted by vxpenaitures to 
obtain easy curvature. 

True K'isdom requires that the available oapital 
should first be devoted to the really important 
enda -getting; close to and well into Urge toons, 
securing good terminal faoilities, low grades, eto. 

aa.'lHE CHOICE OF GRADIE-NTS.- We have already seen 
ihst gradients are the most ^j^mportJit of all the 
dotiila.Jdve perhaps iho rea..ing of the sources of 
tr^Hio. Even with this in mind, the inexperl»:ioed 
engineer is apt to oonolude that a certain grade 
is thf lowest obtainable, i"hen with longer practice, 
or iD'jr*) sRiil.he would readily obtain grades a 
third to a half lower at the same, or even less 



cost. 
There is one general rule which should only be 
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C.VI.S89'?0)?.7.) PROJECTING LOW GPADES 106 

davidted fro« /or v»ry good reasons, vij; Tullow 
thai route which affcyrdi. the easieit possible erad^s 
for the longesta possible distances, using to that 
*i-ad Such amounts ot distince,ourvatura,and rise and 
fall, as may be necej,aary,:ii;£l then pa&s over the tn- 
tervsning distances on such grades as are then found 
necessary. 
This rule should b<t foUowed with judgement, and not 
pushed too far. When the higher grades would exceed 
?.% to K.6?,it is to be aocfeiJted with caution, while 
anything beyond 33 would probably indicate bad prao- 
tioe, except ui noutttainous country. As a line fails 
oelo» 100 Riil«^s in length the economy of pushers de- 
crad9»9,and the advantage of a uniform grade in 
oraases, 
Aoo«ptin£ the above rule, the probien will be •Ho** 
to find the lowest possible low gradc^Jand then -Vhat 
to do as to the rates of itw high grades. 
ea.HOi TO PROJECT LOW GRAFTS.- Considerinj only a 
naturally low grade country with no long o^ntinued 
asoants to encounter, but only a more or less rol' 
ling topograftiy, iViree-f ourths of almost ev»ry lin«, 
or the part lying in such low country will natural- 
ly admit of an extremely low gradient, if lateral 
deviations to throw the line into a generally favor- 
able country arti considered aimissibie. To obtain 
the &ame grades on the remaining fourth will often 
involve .^ome disagreeable saorif loes,especialli|^ 
when, as often in the Western States, we can take an 
air line by accepting 1% to \.2h% grades. 
These disagreeable sacrifices ought ordinar ily to 
be met, even to the extent of adding half to the dis- 
tance on one-quarter of the lint, if w» onn the mby 
reduce the grail«s to half the rate. Wo shall then 
simply Have a line 11?.. fl miles long with 0.6J grades, 
as against a line 100 mlle-^ long with 1.0/ grades. 
Ihe former is preferable from every point of vift«|| 
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It* increased op«rating value can be readily ooapu* 
led. 

The general prinoip>le Is then to adopt a rate 
which can be had without difficulty on ihree-rourths 
to (our-fifihs of the low grade or section, and con- 
op.:trate attention or. the reroaindter with the ^ter- 
mination that the low grade shall be preserved there 
also,u»iiTg^ developaent or other means to obtain il. 
90. PUSHER GftMXIS CW EASY GF>.0IL'NTS,-- If the points 
wficre lo" grades oan only be secured by developttent 
ca:i be conce.iiraied at one or two places, the use o( 
as^iistant en.Pin^s should be considered. If used, the 
controlling grade win usually be the pusher grade, 
for on low frade^ it must be reduced nearly 0.?X 
fur evpry O.l^ reduction of ma through gtade^ as 
uwen from Table XVIil, while lite through grade, co«- 
plicaied by no high elevations, wi 11 be likely to be 
m short undulations the rate of which oan probably 
be reduced b^ moineiitum.as indioaied in §76. 

As3uni!ig the pusher grade i<i be the controlling 
one, effort should be directed bo naking it as tow 
13 po^5ible;di3tanoe and curvature shojli be entire- 
ly subsidiary, avoiding however deve loj^meni where 
the curve compensation destrcya.or nearly so, the en- 
tire advantage gained. Here, if anywhere, a sharp 
Curve can be used if necessary, or a tenperary sag 
I ia the grade line. 

I In this way reductions of grade which are far 
yond tne alparent possibilities pay of ten "be seo 
«d. Even lh&n,if the line be thrown away and a 
/rssh start made with the determination to use a 
still lower grade, reductions of several Venths oan 
ofvon be found with no greater cost lor construction, 

Ol.LONG PUSHiiR CKftOlii:; ON HEAVY nP.ADIlLNT3.- This 
ci-iss of pusher grades should ordinarily be studied 
by themselves, apart from the ifimainder of the line. 
Ihelr cost both m construoticr. iind operation >*ill^ 

_,_J 
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oe ft leading- feature in the f : ^snoes of Ihe line 
"hiU they wiU be surf icUi.iiy proarnent to «ll<>y 
the Botive power ta be well adapted to the gratt "*" 
•nts, whatever they nay be. 
The following favor low rates of gr&det 
t.Aa the grade rates rise above 2% the loss of 
aet hauling oapaoity beoomes more serious owing 1 
the weight of the engine and tender, and for froig&l 
trains oabose also, as oonpart'd with that of the 
train. 

2. The lower grade, if obtained by development, not 
only reduces the oost of operation, but inoreases 
the revenue by giving a lar^ur oileage. On some 
Oostly Lines of thin non oonpetttive traffic this 
■ay justly be regarded as an advantage. On other 
llrwt It Bight be a disadvantage. 
. k» grades rise above ^ to 2,&%,*uoh great osu- 
tion has to be used to keep trains under oontrol^ 
botA In going up and down, as to add to the theoret- 
toftl dleadvantage.both in loss of tine and daiigar 
of tool dent. 

4. A lower grade will often be found to lie on suoh 
(round as to decrease rfthsr than increase the cost 
of ocnstruotion per aiie. 

S.A large portion of a continuous descant will of- 
ten not admit of using a hijlior grade than a given 
rate. It then beoomes objautionabie to use a high- 
• r rate on the same de3oent:aUhough If tne steep- 
er grade be long, tne traffio light, and tne dtffer- 
•noe In coat great, it will probably be necessary. 
The following favor high rates of grades 
Lit usually very much reduoiis the oost of oon- 
structlon. 

2, It the rate of the hlghor grade oan be maintain- 
ed unbroken, 80 that Its lengii- Is deoreased in pro- 
portion as its rate is increased, tne total motive 
jBower Jfl not Increased, exo*i\H tar v«v^ ^weg v*'" 
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Jor tha 3£.iLb disianjo tQ'..-ievn ierx','r ■ , wMle il ths 
IcKdr raiQ is obtained ay dQvelwpmer-t the total 
will be decreased ^^y tno steeper jfr .da. 

3. The uso of two pushers. Tne use ot two for *.ri8 
>>l?h«r grade as compared with one for the alt«rn.it« 
:i'.ould bfe assumed with caution, for within tne litn- 
iVL of variation usually amf*ab}e the same nunbor 
ot en^.ne:; par train opt. b« I'sed on taon, 
4. When th« low grado can cnly bo obxained by run- 
Lning e long- a i-ough sid&-h;n,^3 ag;ainst running a- 
P long' the bed of a streb.ni. or with other great con- 
trasts in the faolUties of GOn8truotion;as e.g. 
in the St. Gotherd Ry.«here. the low grade was only 
obtained by development in spiral tunnels with no 
deoreese of total motive power. ^J 

92. i!:>:pii:DiENTs for reducing the rate and cost OIH 

HIGH GRADES.- 

I.Hunt for some place on any part of the ascent, 
where^for half its length or more, a fairly good and 

tSbeap I'.ne can be built. Find what rate of grade 
will fit this section and work eaoh way froa it-ln- 
fttoac'^ of woi'king- from the sunmit down as is usu- 

U (or small dtncenta.or for the first prellninary 
■D lerga ones. In other woriis.find the governing 
points ar.d work fron then. 
2. 'ZU-z^g dowlopments, obtained by finding a fa- 
vorablo coi.-it for the line to turn ISO*, returning 
parallel t.o iisel' foi a Jl.nanoe and then turning* 
ISO* ae£'in,ene.bii.ng tre j-.os' Ch ' llties of any favor- 
able section of a long desiient t. be uiilited. Tha 
use of a sharp Curve is often necessary in this 
msthod. 

3- Spirals, or loops, auoonpllsh the same object as 
2 in a little differGnt v'ny- the lln^ crossing it- 
self by a bridge, (oroing, a rriclge spiral, or by a 
tunnel forming a tunnel spiral. 
4. In mkina a descent in\o a r^'jftt ^a-W-:.^ >■>. ^^ *=" 
r 



J 



^•■VI§93 TfiOl.F.?.). UW OF TRAFFIC 
^inost invf.rie'.'ia rule to a^soend egainat the slope 
^f. tf-e valley, even if ISO' Bust be turned as soon 
^a IhQ bottom is itaohea. The length of the sldo- 
Bklll descent la oaoh decreased. For the sajne reason, 
■ ll is still bottt-r to desaend against the sic^e of 
acne tributary vf.Uey.turn ISO*, and then descend in 
ilq ^fed to tli'j marn valJey. 

6. Switch -backs, for details of which see ^75. 
6- IniHncd planes and cable iraotlon. 

7. Tl;o raoi£ raiiway,th0 nost promising fortt of 
vtitoh Is tne Abt systdn. 

8- Dupli:je:te tracks for pusher grades, tha tracfcJ 
fros ihs topi of eaoh pushar grade descending at tS 
angle of rcposs for the desired velocity, to tht- foot 
of the next pusher grady,the ,*'^^^'*' rur.ning throi'STili 
without an engine. When the topographical oondHions 
BduJt of this sysieia;all the energy stored up in tha 
tra^^n duo to lieigrit is saved. end used to overoone 
iP.a rj-l3tional resistances on the grade of repos*. 

A plain continuous descent from a summit to the 
plain b^Iov; hIH ever renain tne normal t^'a (0 Lo- 
eat^o" , spirals, 3w:t3h-bacK3. etc. being the exoeptior 
In all tJt the most ruggad cjuntry;good and iheap 
lines . . oan usually be obtained by following' 
these two rules: 

faKDc n:t attempt to secure too low a grade line 
by Bore than a mo(lt;rat<« atcount of development.reiDeD- 
borlng th'.t on lonf pusher grades, the rate of grade 
is ocEparEilvely un'Eportant. 

ftjl.Di irrt aci^pi e iimit of curvature too diftiouU 
tor the tjpopTP.Dhy, unless the importance of the 
line and its probable revenue will certainly warrant 
it. 

93. LAW OF IKCHEifilNF OF TRAFFIC- It may be said In 
a general way that, , for great or deoid«=d changes of 
disr-ance, the volume of traffio will be at least in- 
versely as the distance. It H«w Xork a.^i 9b.l.l«.->i« 
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moved from 90 to 45 miles apart, and Now York and 
Boston froft :;31 to 115, the volumo or trafrio b»- 
Iweon tham might be quadrupUrtjEind oartalnly the 
lines oonnsoting: them would be very much bettor 
properties, ror the loss In haul would be more than 
■ade up by increase in volume, as respects gross 
revenue, leaving the saving in cost in hauling the 
heavier iiiitio,& less dictanoe.and the increased 
rate per mil^, clear profits. 

The rate per nile on freight would be greater for 
the shorter haul, that on passenger traffic might 
be the same or less but that is because it would 
pay to make it so. 

There are probably exceptions to this law of la- 
orease of :^raffic,a3 e.g. .between a mining town 
And a ooramerclal center. 
Again, as tributary population is added to a line 
by reaching way towns, or otherwise, the traffic will 
vary about as the square of the population. on ao- 
oount of me interpcgiinunioation established, allow- 
ance being made for th^ greater traffic per head 
froa nlnins;, manufacturing and oonmeroial towns, or 
«v»n froa large towns. 

d4. TRUNK LINES. -They may be divided into thOM 
aubjeot to completion ut nearly every point and 
tbose whicti are not. Most of tne lines of the U.S. 
belong to the former. ThSir only peraanent protec- 
tion against ooupetitlon is to threw out branches 
and parallel routes so as to securely cover a oon- 
aiderable territory. Another reason for building' 
and securing branch Lines l^^s in the fact tnat 
•very addition to the tributary pojiulation makes 
the revenue per head from that previously tributa- 
ry greater. 

For the other class of roids which pass through a 
poor or mountainous 3c-:itlon of oo intry sparsely 
populated, where reasonaole freedom from oQiiiijetitlQtv 
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is assured, Sinoe the sffeot uf inoreasad dislano* 
on operating expenses is sUglit mhile It adds aoaie 
revenue without disoouraging traffic, unless earned 
too far.ttie rule should be to link together the 
largest possible population, regardless of minor 
iossesot distance, provided the aggregate population 
per mile of road is not dialnlshed.or even soaetioei 
If It Is ..^n ultlioale linii whioh should not be 
elosely approached, ts that the inoraajt^d per oent 
9t distance should not exceed the increased per 
otnt of revenue. 

The Bost mai-Ked exception to this is when th* dif- 
ference of distance beoomes so great as to serious- 
ly diaoouragfl traffic, or encourage the construction 
of a core favorabljr situated competing line. Anoth- 
er exception is when, by passing ald*'ay between two 
waffle centers neither of whion can be readily 
Yeaohed by the otain line, both nay be fairly served 
by branches or otnervise. 

Any aariked difference in grades or costs of oon- 
■iructlon will somewhat aodify the above:but entire 
iMgleot of interniediate points for the sake of 
through traffic, usually means financial failure, 
Exasiples, 

A study of the developoont of the 4 great trunk 
lines, N.Y.C.& H.R. .Erie, Penna. and Baltimore & Ohio, 
will show that for success: 

l.They must reach by their own lines the largest 
traffic point at each end whioh is at all within 
reaoh by an extension of 20^. to 3Q^ of their length, 
and there oust stand on equal terms with their ri- 
vals. 

2. They must reach without fail every oonsiderabiU 
intermediate trafflP point along their line whioh 
oan be reached by any reasonable detour or sacri- 
fice of grades, their prosperity being about as the 
EMuare of the tributary populatiitn. 
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5. They can in no oasa suooeed In oraatlng new oha^- 
I nels of trade. 

I ^.Nearly half of their traffic mist praotioaily be- 

I gin and end on their own V'uss.oithar because it 

' goes m farther, or is delivered at some great oo^h 

petitive distributing point . ■■ 

•>. Without a gcod traffic point at eaoh end of a ^ 

line.tti'j conditions for great prosperity are not 

g-eat . 
95. Br.VICH LINES.- Their earnings per miU range 
oniy frum a fifth to a tentn of th^ earnings of 
'••iG m'.in steTis^and they are rareiy profitable in 
^ttsmsjlves. Ino reaso:; for their extension is thia:' 
Thay contrit:itc traffic to the main line which, as 
^t is Eierrly an inorement.oosts little to Bove. To 
*his is to bo added tha effsct of increasing- tna 

triDutary populat.'on. On tha other hand, 
thoir traffic is I'^uaHy thin, and It may cost mor^_ 
to kaep tnaa up than the traffic is worth to th« ^^ 
Ba i n 1 i p.a . ^M 

From the above we may oonoludfi that branch lines 
shnuld strik.e the main Una as soon as possible. 
Ttia cost of hauling tho traf. i P vrL-LOlioally oaases 
wi:an It is given ovar to the liiuMi line, while pa^- 
sanger traffiu' is almost Invariably better servad 
when given over to the main line with the sttorteat.^ 
possible haul. H 

It is the-refore bad practloa to lan^then out . ^M 
branohtjs to obtain cheap construiticn and good 
gre.des, unless the '--rfio jin ba cl;.llvered to the 
main .Una at lass total oo£.t,r6gardlasa of its des- 
tine t;jn. 

If the branoh can striKe the main line at a oon-1 
sideratlt trjun it shouH be (iont . Thp local tratf 
of ttvu r.^iig-riboring towns, one a: the junction, the 
otheir up thti branch, is always d&Eirabl*. 
V«tie above holds t^ue whetnar tha object is to 



^'n,i^7.(20)?.?'i IMPROVEMENT Or OLD itM 
♦•aoh a town, or devalopi territory. 

86. -LINES OF LIGHT TRAFFIC- Eoonomy can Dest De 
Hi by I 

Sharp curvature and bold temporary lines at points 
of ap«oial difriuulty. 

Undulations in {:rade. 

ZtAviatlona to 9«oura all the local traffic obtaln- 
•bU. 

The use of a ruling grads adapted to the topogra- 
lAy,or one which can be had at not nuoh greater 
eOBt than a steupdr ana. 

The use of tresMe worx and piling In place of na- 
sonry.and in the plaoe of filU which if lade would 
rtqulra aasonry. 

In this way $3000 tc $6000 per mile can be made 
l%9 grade a very li^nt railroad through a tolerably 
|broken country. 
_For lines of heavy traffto.H is seldom wUe to 
ltd or purchase branches until the aiain Mnc) Is 

lOmpleled.or at least assured. The saute may be said 
bf double track, as nearly everything In oonaectlon 

ith the second tivtok can be built about as oonvan- 
itntly and oheffidy afterwards. 
[Tenporary lines oJ^n bs built at Jkuilnts of special 

Jffioulty.to be replioed later by the expensive 

•rmanent works. snould the traffic develop suffi- 
ciently to warrant it. 

|8oue of the worst methods of eoononlzing are: in 
■ailing to get well Into the terminal olties and 
■ther large traffio centers; in failing to secure 
|he most fdVorabiU ruling grades, due usually more 
|0 carelessness and lack of skill than to an at- 

vmpt to economizffjin usln^ ^ighl rails,j?oor ties, 
kliin baUast, narrow road-beus.j-jor .-naaony and 
light bridges. Tliese lasi will raraly save mors 
Chan SgOOO to $3000 per mile. 
I©?. THE IMPROVEM'iNT OF uLD LINES. -The dafeota ^ 
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■most coT-.spicuous in old lin^s are- 
I. The passing by of large towns, or other sources 
of thalfic, which should have been approached rnor? 
noarJy. This defect is one forwhich H would not 
uauBlly be expedient to change the main line, unless 
the change is desirable for other reasons. 
2. Excessive curvature, a detect which usually iS 
serts itself with sufficient uruminence. _ 

3, Slat ions on heavy grades. These grades may l>a bfl 
low the max ifRum.yet heavy enough lo prevent start*'^ 
tng aa heavy trains as can "be hauled ever i>^& icaxi- 
man when under motion. Very frequently veduc.ng 
lhem,or removing the freight y.^id a short distance 
ftlono the line, will allow wf a considerable in. 
crease of train load over a w'lole division, 
4. Grade crossings of other roads. many of which have 
been added since the original location. T^iey may 
seriously modify the hauling of trains by the num- 
ber of stops required. The difficulty may be re- 
moved by an over or under crossing, or by an inter- 
locking signal which would prevent a stop except 
when the line is actually blocked by a train on the 
crossing. Tlie direct cost of Bakinj the siou,wh*n 
there is no limiting effect, tray be estimated at 
from 30(f to (50C- 

5.Weedless undulations in gradients, which can ba 
avQ.'Jcd by slight dotouns.the de/e-it being due t«' 
an over esiimate of the value of distance 
5 ""ailute to use pushers. On many lines the inabil 
ity to socure a lower grade than a certain amount 
at ?j!t;t* point ha.3 led to the free use of graciej 
RjAr this lim't at several other points of ti-e \-nfi 
thJ train load not being alfested.fi detour of a f^w 
m.lcs w'll sonetiines reduce t^ie ruUns> grade 3evt?r- 
al l.Mitbs of a 35, at other tiBies the naximufti grade 
can be horked by,'^pushor ; In eiiner case the oi'ier 
grades not put in Irora necessity become the rulini 
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eraiie;;,aiid tijoy oan (reijuently be i'cduo«d at raod- 
orate oo3t. 

Q3. TERMINALS-- Terminal focilitie r have so many 
t"*u*s W'tn a leading factor In thp suoc?33 or fall- 
urd of railroad'j, ihat ii Is in>portant lo 3j» ho\« 
£reat a part ihoy form of tU3 total :nvesiiTiff'>t and 
"•icper.sci of prosperous UiiffS.ar.d hanoe how cUvn?,*?-- 
Qus it is for new lines to neglect to moke ample 
provision tor them. 

An approximate estimate, ^y Gral? MoriHtoa^of the 
capital, reprnsenlod in trie terminal worl-: of. hand- 
ling- freight by the trui'-lt l':r.o2 at N>w York iSidl- 
reot investment $" ),000, JOC); lator ard c-rt&l p«p year 
$3,500 ODO. This incKc^es the work of handling coal 
on the D.L.&W R.R./fiut on no other, and on?y include! 
a small part of the expenses of handling and lii^ht- 
•rape of grain, oil, and live stock, .lad notfiinj for 
oieriool work or management. The total animal cost 
lnoludin<>: interest ai 6^ is probably a'bout $10,000, 
000, or $2,000,OOOper read. 

It was estimated in 1875 that on about one-third 
the freight handled thf tctal lerjninal expenses, in- 
cluding cartage, were Sj.07 per ton, or about three- 
fifths the rate from Chicago to New York, while on 
abcut h.^lf the total the cartage alone was estima- 
ted at 51.60 per ten 

On most of tho freight, the ."mre taken out for oart- 
e^e the less 's loft for freight rates, shOFing the 
importaroe for t?r!Bin?il faollities of the btst. 

In Buffalo, 451 miles of side track are completed 
or projected for yard work, and some 3600 aores of 
land are u:3ed 

99. RtCONNOISSANCE.- The worst errors of location 
usually originate in the reconnoissance^from fail- 
ing; to find the roost favorabie line, or lines, to be 
surveyed. The looaiing engineer should thus be con- 
stantly on his guard against drawing hasty and un- 
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founded oonelusions, especially of ai: unt*"'"* ohaiM. 
actor ,froa apparent evidence wrongly interprettd. 
Too favorable oonolusionu can usually do no serious 
harm, simply increasing the amount of surveying re- 
quired;but a haaiy conclusion that aosie line is not 
fttasable.or that no furtner ixproveoienta can be 
bade in it, or tha.t no other leasable line can be 
found, may be very disastrous. 

The assumption should always be aiade that a g;ood 
line exists througn any region however forbidding, 
upon which tlie grades and cost of con^iruotion will 
be iDuoh mure favorable than at first supposed, then 
set to work Co find that line. 

ihe relative import noe of the comnwroial and en- 
gineering: sides of the problem should be thoroughly 
understood, as well as the relative cost and diffi- 
ouUies of construction. 

The nature and sources of traffic, both through and 
way, should be carefully studied, as they may fix the 
general route in spite of considerable engineering 
(iif ferenoe3;also the effect of changes of distance 
on receipts and expenses, and the effect on dis- 
tance of considerable deviations from a straight 
Ure. ^ 

Economy in construction should not be pushed toQfl^ 
far at the expense of othfrr considerat ions, for t!i« ' 
costtoi sub-grade is only a small percentage of the 
total cost of a line complete for ope rat ion, while 
the interest on the total cost is only a soall por- 
tion of the operating expenses. E. g. , It requires a 
continuous out or fill of about 7 feel, or an aver- 
age n&xiffiuED of 10 to 12 feet.withits acooiupanying 
masonry, to equal the cost of superstructure ready 
for operation; the total invaatment for rolling 
sioci'.,icaohinery, buildings, and mlsoeliarteoua pur- 
poses will, on a line of active traffic. near ly •- 
aAual that for road-bed and track ocmplete.wfii U the 
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Merest on tfi« total aotudl inv9sia»nl for all |wr 

Pises rarely absorbs more than one-sixth tn one- 

'^Ounh the gross revanue. Henoe in general terns. 

To inorease gross revenue one-ttfth we may iouble 
the whole investment. 

To inorease gross revenue one- tenth mo say double 
the cost of track and road-bed. 

To inorease g^oss revenue one-twentietn we aay. 
dUiuble the 0031 to sub-grade. 
'Skill in estimating (fuanti^es and costs peT nite 
should be acquired Dy making; estinates on lines aU 
r«ady built, or on lines already located, ani oompar* 
Ing then with the actual or computed values. Skill 
akould also be acquired in estlinating dtstanoes, 
oliGinses ot direct ion, and grades, so that the possl- 
bilit ies of a oountry oan bti judged, and the best 
line picked out by looking over the ground with a 
few sliDple instruments and studying the av'iilable 
Maps. 

Usually one or two reoonnoissanoe trips over the 
'OOuntry will aake the best general route parent, 
raqutrlng surveys <- r duplicate lines for short aaci- 
lions only, or For sections of 2, 10, 20, or 30 ailes. 
After weighing the traffic considerations, as well 
as the *vng^erin«; ones, it is exceplionalthat more 
than two general routes will requina survey. 
' T!:e following are important in oonduoting recai 
noissa: o'*- 

1. T'le Tbuoiinoissance must not be of a line but 
of an area, including in the mind at all times as 
wide a belt on ea h side ot a straight line be- 
tween the two termini as there ia any possibility 
or the line's reaching. 

3. Ml prepo.'Jties^^ions in faviir of any particular 
lin) must be abandoned, ejpcrcially in favor of 
lire Hhioh seems most obvious. Not to do so 
^ngerous and frequent error. 
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9, A tundenay to 9«e with undue olaarness tt\9 »ur- 

its or lines lying olose to highways, or to lh« nora 

settled and open districts, aust be yarded against. 

4< Lines hard to get over on foot^or overgrown 
with tlnber or tangled undergroNtii^sef^n aaioh worse 
by oompari:.un than they really are;and, 

5. Raggedneas of detail, sharp roony points, sleep 
blult3,and the like, exert an entirely undue influ- 
enoe upon the mind as oompared with long rolling 
slopes spread out over a longer distance. The dis- 
advantages of a route Tor a railway must not "be 
neasured by Its disadvantages as a foot path, even 
after all brush and timber have been removed, yet it 
ta hard not to do so to sone extent. 

6. A ooikpletft feental nap of the watercourses 
should be made as the reoonnoissance proceeds -suf- 
ficiently exact. at least, to enable the engineer to 
state positively where the water of every stream 
crossed, joins another, and what streams run in to- 
gtfther, until they have passed off the Halts of thp 
arsa under examination. It is not always convenient 
to do /this for each stream as It Is passed; out 
when it is not done^U should be notfli that there 
is a gap in the necej-iary Knowledge of the country 
which may c^ dangerous. A skeleton franeworK, for 
!.hi!t infonuitlon can u^iually be obtained from maps. 
It Is in respoot to the minor slreoos that ths cau- 
tion la prirl ioularly ru'ioessary, 

7. False SuOimits, or those whioh c^ipear to Inter- 
pose between twj watersheds, when in reality they arf 
only between different parts of the same water-shed^ 
are very liable to ooour under certain oirounstan- 
oes. One of the many reasons for 6 is to avoid this 
d&nge r . 

8* As a very ntoessary safeguard against srror.the 
•nginser 'iiiould make it a rule to Invariably dis- 
ersdU all unfavorable reports, fron whatever source 
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prived, which do not accord with what he «xp«ot8, 
r in other words, Khen th« ra is reason to hope that 
ercain things are possible at controlling jj^oints, 
» should go and looK for himself before abandoning' 
100. OCUUR ILLUSION.* fl 

1. The eye forsshotiens the distance in an atr*^l 
.ine and materially exaggerates the oonparative 
length of a lateral offset, so as to greatly exaoggr. 
ate the loss of distance 'and henoe ""^curvature) 
from any defldotion. 

2. The oys exa.^g;erates the sharpness of projeot- 
Ing' points and Si;ur3,anct the degree of curvature 
necessary to pass around them. 

3. An opposite tendenoy-to decrease the probable 
angles roquired-exiats in looking at sudoth gentle 
slopes, e^p...ciaUy frum a distant point of view. 
S^'ootnn^ss and gentleness of slope mean that v#e 
(cust eil^o^ %o out a long way to gain a littU dif- 
t^iffnoe of elevation, or must put up with very long, 
if not very di^ep.outs or fills. In order to bring 
down the worK to reasonable lightness, therefore, ka 
nu.t often adopt a quite oroohed aUgnmenl on the 
Buiooth and'^fvjr fool travoUvery tractable slopfs, 
a-.d even th^n have pretty heavy worK, 

\n ooiupai'ti:^ two lines, one of which Lies, say, in a 
vi I ley, where the tendency is to exaggere^e the 
Er.^rpnsss of curves aad angles, while another lies 
on a stQGoiJ.'^and higher leg-ion, where the tendemy 19 
In tho olhm- direction, these two opposite lend.?noiel 
mixy ooBbinc to cause most calamitously mistaken 
oono'iuslons. 

4. A slope looked at from a dlstanoe Always App«ara 
Sleeper and higher than it reall/ io.ci^iecially if 
wG are standing on ground dcso^jndin^" towarda tt. 

t. Allied to the above Is the dc^ot^ftior whish coiuei 
Iron t^e proximity of large nasses of hills and 




TJ-vi.Sioi>.'?o; f.7.) ocuuh illusion ^^^^ 

""ountaina^or lioo & £<inorAl tlo^a In ons diraoiioi;, 
'a|»eciaHy if braWn jp ir le-ail by luinoF hillock's 
*id ridgos su ihat ih* eer, al irenil ojinnol b« as 
*aslly detected. The if&t, ir^ined «y» Is quit* in- 
^^paoie, under theM cirousaianovs.of •stijuim^ hor 
iitfntaiiiy correctly. 

S< Overlaps of hlUt <jr fi^vAi^d ground at a dis' 
'^iiM,ar<» a (r«qut»nl sci.'o« of (fc>o«|iition;? tuf ti i., t 
^*^li0^ often ^ivin^ i'ai d,;^»aranci^ of i solid rid«;< . 
>h«g:rp<it.o&l safevkiji J Againet «rroru of tnls Kiud 
i^ lu form a complete pioture of the waicr-slit^d r ■" 
^^9 di'^a to t-< r«aonnoii«>i'ed,ao t'lai ii is kii-jt^L 
*'h*j-* wator fallut^ en i*. d.ftyw!io w "Ul fluw. _ 

7. The eye often cl«ioKt\'es ttealf ir. estiuidtiii^ ^M 
f^kjant ui^s.for rea&on, w'ltoh la part ri'iiuit ivoa 4H 
*.hai I-;-',.* preooei^d. ho.-t ^iirious 0i5n3.»iiu#''.ce3 flo*' 
IroAi bhis, l(»adin£ to t>ie joandonaoat withj..'. surv- 
cl iines-espeoially vilU\v liRes-tthioh snould Mv*. 
bwn re»ard«d aii the Kcui prouisiit* of all. T'le eo.'^ 
of tUd dUliouUy.lr. aUJiitoii to ih<( various oau^r.t 
of l-'cc^nion whioh t\i\-^- o«?^n noted, li«3 in th." ii.' 
biiity of ttiH uind to dial in»*ii!;n»l )beiwe«ii "^a^. 
aieaa rough and wliat i> ruu;;<i,diLd C:)')kjLK-een hiut 
is roujh for foot or tiwiy** irav-l and what is rou^-. 
for railway oon3truotioi>. 
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